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Preface









What Is Palliative Care?


Palliative care is specialized medical care for people with serious illnesses, and the goal is to improve quality of life for both the patient and the family. It is provided by a team of doctors, nurses, social workers, chaplains, and other specialists who work with a patient’s other clinicians to provide an added layer of support. Palliative care is appropriate at any age and at any stage in a serious illness, and it can be provided together with curative and disease-directed treatments. Palliative care is different from hospice in that (1) palliative care is given at the same time as life-sustaining or curative treatments whereas hospice is only for patients who have chosen to forego life-sustaining treatments and (2) palliative care is for patients who are at any point in their illness trajectory whereas hospice is for patients who have 6 months or less to live if the disease runs its usual course.









Why Do We Need a New Book About Palliative Care?


Since the early 1990s, the field of palliative medicine has seen exponential growth. In fact, 63% of all hospitals and 85% of mid- to large-size hospitals now report having a palliative care team.1,2 As the field has grown, so has the evidence base supporting its benefit to patients and their families. Indeed, there is clear evidence that palliative care improves symptom control, helps patients maximize quality of life, and in some cases may help patients live longer.3–7 As a result of these benefits, palliative care simultaneously reduces costs to hospitals and health care systems.4,8


However, many clinicians may not be familiar with the most recent evidence demonstrating the benefits of palliative care. This book provides the most up-to-date evidence (at the time of publication) related to the key, relevant topics encountered during the day-to-day clinical practice of palliative medicine. It is organized in the form of clinical questions, making it more user friendly for the busy practitioner. Each chapter ends with a table that summarizes the key “take-home” points, so the reader can quickly glean the main recommendations or read the entire chapter to get a more in-depth discussion of the topic that includes references to the literature. The chapters are written by clinicians, educators, and researchers across a broad range of disciplines to provide an approach to the practice of palliative medicine from different perspectives.
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Foreword


The role of palliative medicine has grown and expanded since the early 1990s. The demand for health care professional education and training in this new field of medicine is enormous, which is gratifying to those of us who have advocated for the professionalization of palliative care practice.


We know that educating health care professionals in palliative medicine starts with identifying the common and frequently challenging issues clinicians face as they care for a seriously ill patient. Drs. Goldstein and Morrison, the editors of this new textbook in palliative medicine, have adapted a unique and user-friendly approach that is similar to that of frequently asked questions, and they have assembled a cadre of expert clinicians to provide the evidence-based answers to these common and important questions in palliative medicine.


More than 80 questions define this textbook’s domain. They span a diverse range of topics from how to start dosing opioids in an outpatient setting to specific questions about dosing steroids, the use of bisphosphonates, prognostication and difficult conversations, as well as what models of palliative care are appropriate in different settings and what the benefits are of palliative care. In addition to answering a specific question, each chapter provides context, discussion, and pertinent references based on the current available research, coupled with the the authors’ clinical expertise and best practices recommendations that give attention to the need for individualized care.


All of the chapters provide substantive information for the busy clinician, and some add a further element to help clinicians advocate for the field of palliative medicine, as evidenced in chapters that address why palliative care is beneficial and needed.


This text’s format lends itself to an educational style that is direct, efficient, and practical for busy clinicians and essential for the field. Health care professionals want and need to know the facts quickly and accurately as they contextualize medical information and plan strategies. This text provides a framework to make palliative medicine routinized, prescriptive, evidence based, and integrated. This compendium of questions and answers demonstrates how the field of palliative medicine has advanced and how the practice of improving the quality of life for seriously ill patients and their families has evolved into sophisticated, complex, evidence-based protocols and roadmaps focused on addressing the physical, psychological, and spiritual needs of the sick person and his or her family.


With the increasing demand for palliative care consultations and a limited number of trained specialists to deliver such care, this textbook fills a dual role. It is a powerful teaching tool for nursing and medicial students and trainees, and it is a reliable reference text for senior clinicians who have not been formally trained in palliative medicine but are committed to improving their patients’ symptoms and addressing their communication, psychosocial, and spiritual needs.


Clearly, we will succeed in the goal of improving care for those with life-limiting illnesses when health care professionals begin to embrace the answers to the questions raised in this book and integrate them into their daily practice. This textbook will help them achieve this goal.
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Chapter 1 How Should Opioids Be Started and Titrated in Routine Outpatient Settings?
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Introduction and scope of the problem


Despite recognition of the importance of pain management, availability of effective pain medications in the United States,1 and multiple published guidelines for the management of pain,2 the undertreatment of pain in patients with advanced illness continues to be an ongoing and highly prevalent problem.3 Although numerous organizations such as the World Health Organization (WHO),4 the American Pain Society,5 the European Association for Palliative Care, and the American Geriatrics Society6 have developed guidelines, uncontrolled pain in seriously ill patients persists. The prevalence of undertreatment of cancer pain in particular remains unacceptably high, with nearly half of patients receiving inadequate treatment for their pain.7 The high prevalence of poorly managed pain is often attributed to barriers to opioid use related to the health care provider, patients and families, and the health care system.8 Poorly controlled pain has been associated with functional impairment, anxiety, depression, insomnia, and diminished quality of life.9









Relevant pathophysiology


Pain is defined as “an unpleasant sensory and emotional experience associated with actual or potential tissue damage.”10 Pain can be classified as nociceptive, neuropathic, or idiopathic. Nociceptive pain can be further classified as either somatic (resulting from injury to skin and deep tissue) or visceral pain (resulting from injury to internal organs). Visceral pain is often described as dull, vague, or diffuse, whereas somatic pain is more likely to be well localized and described as sharp or intense. The cause of a patient’s pain should always be assessed, and disease-specific treatments must be considered11 and offered where appropriate and consistent with patients’ goals of care. The goal of this chapter is to familiarize the reader with an approach to the treatment of pain with opioids; it will not address disease-specific therapies.






End Organ Function


Morphine is metabolized in the liver to morphine-6-glucuronide and morphine-3-glucuronide, both of which are excreted by the kidneys.12 In the setting of renal failure, these metabolites can accumulate, resulting in a lowering of the seizure threshold. Morphine should therefore be used with caution with mild renal impairment and be avoided in the setting of renal failure.13 Opioid metabolism is generally impaired in the setting of liver disease, with an increase in oral bioavailability and an increase in elimination half-life.14 In the setting of severe liver disease, opioids should be used with caution, with a decrease in dose and increased (i.e., longer time between) dosing intervals.14


Fentanyl and methadone have few active metabolites and are therefore likely to be safer than other opioids for the treatment of patients with renal or hepatic dysfunction.13 The most commonly available nonparenteral formulation of fentanyl in the United States is transdermal. As discussed later, transdermal fentanyl should be administered only to a patient who is opioid tolerant, and it should be avoided in patients for whom the opioid dose is being actively titrated. For an in-depth discussion on the use of methadone in treating patients with pain, see Chapters 7 and 8.









Patient Age


Several changes in pharmacokinetics and pharmacodynamics occur with increasing age. Physiological decline in organ function (e.g., decreased glomerular filtration with increased age) and an increased volume of distribution as a result of relative increase in body fat content over skeletal muscle mass can affect the pharmacology of analgesics, and therefore the onset of action, rate of elimination, and half-life of these medications may be altered in older patients.15 Because of these changes, the prescribing philosophy should be “start low and go slow” (i.e., start at a low dose and increase with caution) when treating older patients with opioids. To be clear, however, older age is not a contraindication to opioid use.












Summary of evidence regarding treatment recommendations






Pain Assessment


The experience of pain is subjective, and therefore a patient’s report of pain is the gold standard for assessment. The first step in treating a patient is to perform a comprehensive pain assessment. A full pain assessment should take into account the onset, precipitating or alleviating factors, quality, presence or absence of radiation, severity, and timing of the patient’s pain. A variety of tools may be used for the assessment of pain severity, including numeric pain intensity rating scales (0 = no pain and 10 = worst possible pain) and the verbal descriptor scales (mild, moderate, or severe). The numeric rating scale offers several advantages, including ease of administration and scoring, multiple response options, and no reported age-related difficulties in its use.16 For younger patients, the Faces Pain Scale may be more effective than verbal report.17 (For more information on treating pediatric patients, see Chapter 65) Clinicians should assess pain intensity regularly, because this helps guide the initial approach to treatment, response to treatment, and need for further titration of medications.









Choosing a Starting Dose


When considering starting a patient on opioids for the treatment of pain in the outpatient setting, several factors must be considered, including the severity of pain, end organ function, patient age, and history of opioid use (Table 1-1). These factors will influence the initial opioid to be used, the starting dose, and the interval of administration. Treatment of pain in the outpatient setting often poses more challenges than pain management in the inpatient setting. Inpatient settings allow for rapid titration of opioids because the medications can be administered intravenously and may be repeated and increased over minutes to hours. The inpatient setting also allows for controlled dispensing of medication with minimal concern for misuse or diversion. Challenges in the outpatient setting include ensuring that the patient can obtain the prescribed medications (in terms of being able to both afford the medication and find a pharmacy that dispenses opioids18), difficulties in monitoring for side effects, and a delay in being able to assess the patient’s responses to the medications prescribed (Table 1-2).


Table 1-1 Issues to Consider When Starting a Patient on an Opioid






	



• Is the patient opioid naïve?


• What opioids have been effective for the patient in the past?


• What is the patient’s age, and does this have an effect on either dose or interval of administration?


• What is the patient’s renal function?


• What is the patient’s liver function?













Table 1-2 Issues to Consider When Prescribing Opioid Medications in the Outpatient Setting






	



• Does the medication come in the dose you want to prescribe?


• What is the cost of the medication? Does the patient have prescription coverage? Will the patient be able to afford the prescription?


• Where will the patient be filling the prescription?


• Is the medication available at the patient’s local pharmacy?


• Did you start the patient on a bowel regimen?


• Have you arranged for a short interval for follow-up with the patient to assess for response to treatment, tolerability, and presence of side effects?




















Severity of Pain


The WHO developed guidelines for the management of cancer pain in the mid-1990s, and as of 2011 it is currently developing treatment guidelines for the management of acute pain, chronic pain in adults, and chronic pain in children.4 In the absence of guidelines for pain management in the noncancer population, the WHO Pain Relief Ladder for cancer has been applied to the management of pain in other diseases as well. The WHO recommends a stepwise approach to pain management, with choice of medication based on pain severity, using nonopioids (aspirin and acetaminophen) for mild pain, mild opioids (codeine or oxycodone with acetaminophen) for mild to moderate pain, and strong opioids such as morphine for moderate to severe pain.4 The weakness of this approach is that the mild opioids may become limited by the nonopioid component (e.g., in combination medications containing acetaminophen, the total acetaminophen dose for a healthy individual is less than 4 g per 24 hours, and it may be lower in older patients or those with liver disease).19 Because of concerns about hepatotoxicity with the use of combination opioid agents, the FDA has recommended banning these combination medications.20 Given these concerns, combination medications will not be further discussed in this chapter. For patients presenting in severe pain, the clinician should consider whether the patient would benefit from inpatient admission to ensure more rapid relief by titrating intravenous opioids as opposed to dose-finding with oral opioids in an outpatient setting.









Approach to the Opioid-Naïve Patient


When starting a patient on opioids in the outpatient setting, a short-acting medication that is available orally should be selected; the choices most readily available in the United States are morphine, oxycodone, and hydromorphone. The use of short-acting oral medication allows for active titration. Morphine is generally the opioid of first choice because of its relatively low cost and availability.2 The recommended starting dose for an opioid-naïve patient is morphine 5 to 10 mg intravenously (IV), which is approximately equivalent to morphine 15 to 30 mg orally (PO) (Table 1-3). The clinician should start at the lower end of this range and reevaluate the patient frequently (either via phone or in subsequent office visits) to determine the optimal starting dose of medication to control the patient’s pain. For an older or more debilitated patient, starting at the low end or below this range should be considered.6 As discussed earlier, oxycodone or hydromorphone would be the preferred oral opioid in patients with a history of renal or liver failure, because their metabolites are not as active as those of morphine. For patients with incident pain that is not constant or that occurs at specific times during the day, the medication should be started on an as-needed basis. For patients with continuous pain, the medication should be prescribed on a standing basis, dosed every 4 hours for patients with normal renal and hepatic function.21




Table 1-3 Opioid Analgesic Equivalences*


[image: image]




In addition to a standing order, patients should also be provided with medications to treat breakthrough pain.2 Breakthrough pain refers to a transitory increase in pain to greater than moderate intensity that occurs on a baseline or pain of moderate intensity or less in a patient receiving chronic opioid therapy.22 This pain can be incident (pain is provoked by an event) or may occur spontaneously. The typical dosing recommendations for rescue medications are based largely on anecdotal experience. It has been suggested that the effective dose of breakthrough pain medication is a percentage of the patient’s total daily opioid dose, most commonly 10% to 20% of the 24-hour dosage.2,23 However, current evidence suggests that the dose of opioid for breakthrough pain should be determined by individual titration.24–26 A useful clinical rule of practice is: Breakthrough dose = 10% of total 24-hour dosage


The time to peak effect of a short-acting oral opioid is 60 to 90 minutes. Based on the pharmacokinetics of opioids, breakthrough doses of oral opioids can therefore be prescribed every 1 to 2 hours as needed for pain. For example, a patient prescribed morphine 30 mg PO every 4 hours around the clock (a total of 180 mg of morphine in 24 hours) should also receive morphine 18 mg PO every hour as needed for pain. To make administration of this easier, it should be rounded to 15 mg PO every hour as needed.









Approach to the Opioid-Tolerant Patient


Tolerance is defined pharmacologically as loss of drug effect with chronic dosing.27 Patients currently on opioid therapy or with a prior (or current) history of opioid use will have higher requirements than those who are opioid naïve. Initial dose finding should follow the same guidelines as in the opioid-naïve patient; however, the starting dose will be higher.









Assessment for Response


Assessment for response to an opioid dose should be made at the time of peak effect. Based on the pharmacokinetics of the short-acting oral opioids, if relief has not been obtained in 60 to 90 minutes with an oral opioid, the patient will not receive additional relief despite the fact that the duration of action is 4 hours. Patients should be instructed that if they are requiring the breakthrough doses more frequently than two or three times per day, they should contact their clinician for further titration of the standing medication.









Opioid Titration


Patients should be encouraged to keep a pain journal documenting their use of pain medications and their pain scores. There should be a short time to the next follow-up visit, preferably within 1 week of starting a patient on opioids. This follow-up may occur either in person or by telephone. The clinician should review the patient’s use of breakthrough medications, response to the treatment, and presence of side effects (including sedation and constipation). The clinician should also review and calculate the total 24-hour opioid use. Patients with well-controlled pain, requiring no more than 3 breakthrough doses per day, can be started on long-acting opioids, with the total 24-hour opioid dosage divided into 2 daily doses of long-acting opioid administered every 12 hours. Long-acting opioids will maintain the level of pain control, lessen the pill burden, and decrease the need to wake up at night to take pain medications. Occasionally, patients may report increased pain in the 3 to 4 hours before the next standing dose, requiring the frequent use of breakthrough opioids. This phenomenon is known as end-of-dose failure. In this circumstance, it is reasonable to consider prescribing the long-acting opioid every 8 hours, rather than every 12. The majority of long-acting or sustained-release opioid oral formulations cannot be split or crushed, so doses prescribed must be sums or multiples of the available pill sizes. (Crushing or splitting long-acting preparations may counteract the mechanism that ensures delayed, controlled release and thus crushing these medications can potentially result in overdose.) However, select brand-name formulations of long-acting morphine are available in capsules that may be opened and administered via enteral feeding tubes. For example, the patient started on morphine 30 mg PO every 4 hours (180 mg in 24 hours) is taking 1 or 2 breakthrough doses and reports her pain is well controlled. This is a total of 195 to 210 mg of oral morphine daily. Sustained-release morphine tablets are available in 15, 30, 60, 100, and 200 mg. She may be prescribed sustained-release morphine 90 mg PO every 12 hours (180 mg in 24 hours), with continuation of morphine 15 mg PO every 1 to 2 hours as needed for breakthrough pain. A 90-mg long-acting morphine preparation is not available, so the clinician will need to write prescriptions for both sustained-release morphine 60 mg and sustained-release morphine 30 mg to ensure the patient can take the dose of 90 mg every 12 hours.


If the patient requires multiple doses of breakthrough medication in a 24-hour period, her pain is not optimally controlled and the entire 24-hour opioid requirement should be totaled and converted to a long-acting formulation. For example, the patient started on morphine 30 mg PO every 4 hours (180 mg in 24 hours) is requiring 4 breakthrough doses of morphine 15 mg per day (an additional 60 mg in 24 hours) to control her pain. The patient’s total 24-hour opioid requirement is 240 mg. She may be prescribed sustained-release morphine 100 mg (note the available formulations reviewed earlier) PO every 12 hours.


Alternatively, if the patient’s pain is not well controlled, dose adjustments may be made based on the severity of the pain. Adjustments typically allow for a 25% to 50% dose increase for a patient with mild to moderate pain and a 50% to 100% dose adjustment for a patient with moderate to severe pain. For example, a patient started on morphine 30 mg PO every 4 hours (180 mg in 24 hours) has taken 6 rescue doses of morphine 15 mg per day for the previous 5 days (an additional 90 mg in 24 hours), and she reports her pain is still 10 on a pain scale of 0 to 10. The patient is tolerating a total of 270 mg of morphine in 24 hours; thus her dose can be safely increased by approximately 50% to sustained-release morphine 200 mg PO every 12 hours (400 mg in 24 hours).


Another option for long-acting opioid administration for a patient with well-controlled pain on a stable, standing opioid regimen is the use of transdermal fentanyl. Transdermal administration is particularly useful in patients who are unable to take oral medications or who have enteral feeding tubes. Transdermal fentanyl patches are changed every 72 hours, although some patients may need them changed as frequently as every 48 hours. Because of the longer half-life of transdermal fentanyl, it is not the best choice of opioid for a patient who is still requiring active titration of the analgesic regimen.2 Transdermal fentanyl is lipophilic and requires a patient to have adequate adipose tissue for effective absorption; it is not recommended for use in patients who are cachectic or very thin. The transdermal absorption can be altered by temperature and moisture, so patients who sweat frequently or live in environments without adequate temperature control may not be good candidates for the transdermal patch. Additionally, the patches should be removed and replaced with an alternative opioid regimen if the patient develops a high fever. Transdermal fentanyl takes 12 to 24 hours to reach peak effect; therefore (1) transdermal fentanyl is never an appropriate first-line option for the management of pain in a patient who is opioid naïve and (2) the patient’s prior opioid regimen should be continued for the first 12 hours after application of the first fentanyl patch. Each time the clinician evaluates a patient prescribed transdermal fentanyl, the physical examination should verify that the patch has been placed in an area to ensure appropriate absorption.









Opioid Side Effects


Common opioid side effects are listed in Table 1-4. Tolerance develops to all opioid side effects, with the exception of constipation, an expected and predictable consequence of taking opioids. At the time of prescribing opioids, all patients should also be started on a prophylactic bowel regimen unless the patient is having diarrhea or has another contraindication to being on a bowel regimen. One of the most commonly used regimens is senna (Senokot) (1 or 2 tablets at bedtime) and docusate (100 mg two or three times per day), although evidence is lacking to recommend the addition of docusate to senna as an initial regimen to improve laxation.28,29 Clinicians should assess for constipation during every follow-up visit after a patient is started on an opioid regimen.


Table 1-4 Opioid Side Effects






	Side effect

	Time on stable opioid dose to the development of tolerance






	Constipation
Nausea/vomiting
Pruritus
Sedation
Respiratory depression

	Never
7-10 days
7-10 days
36-72 hr
Extremely rare when opioids are dosed appropriately














Opioid Rotation


Opioid rotation involves switching from one opioid to another. The clinician should consider opioid rotation when a patient has (1) difficulty tolerating the initial opioid prescribed, because of intolerable side effects (e.g., nausea, pruritus, myoclonus); (2) poor response to pain control with the initial opioid, despite appropriate titration; or (3) worsening of renal or hepatic function.30,31 When choosing to rotate from morphine to another opioid, oxycodone and hydromorphone are both reasonable alternatives.32 When rotating opioid medications, the concept of incomplete cross-tolerance, which is the idea that the new drug may be more effective because of differences in potency or drug bioavailability, must be taken into consideration.9,33 If the patient’s pain is well controlled, the equianalgesic dose for the new opioid can be calculated using the Opioid Analgesic Equivalences table (Table 1-3). This dose is then decreased by 25% to 50% to adjust for incomplete cross-tolerance.31 Clinical judgment should be used in selecting the appropriate dose (e.g., if the pain was not well controlled, the clinician may consider not decreasing the dose or reducing the dose by only 25%). The patient should have close follow-up because the dose initially chosen may require titration.









Opioid Agreements


Written opioid agreements are recommended by consensus guidelines to decrease the risk for opioid misuse.34 The introduction of an opioid agreement to patients is an opportunity to review potential misperceptions the patient may have about the safety of opioids and their potential side effects and to establish expected treatment outcomes. This discussion has the potential to minimize patient nonadherence with opioid regimens.35 Agreements may include stipulations such as the patient must obtain opioid prescriptions from only one prescriber, fill the prescription from only one specified pharmacy, and agree to random urine drug screens.34 Many opioid agreements also clearly state clinical circumstances and behaviors that will lead to discontinuation of opioid prescribing by the clinician or the practice. The limited evidence base for the efficacy of these treatment agreements suggests these agreements may be effective.36 Opioid agreements should be considered in routine practice because they may provide clinicians with a means of encouraging safer use of opioids through increased compliance with treatment recommendations. They additionally provide a means of consistently and objectively applying ramifications of nonadherence with treatment recommendations.












Key messages to patients and families


Clinicians should reassure patients and their families that most pain can be effectively treated with available analgesics. Addiction is a common concern for patients and their families, and given the frequency of this concern, clinicians may want to address this proactively. It is important to remind patients that the risk for addiction (defined as persistent use despite harm to self or others) in a patient taking opioids for pain who has no history of abuse is exceedingly low.19 Likewise, because of misconceptions about opioids, patients and families often have serious concerns about these medications. Clinicians should thus encourage patients and their families to express their concerns about side effects, because these can pose barriers to effective pain management. To engage patients and families in their own care, clinicians may want to encourage the use of a pain journal documenting the timing of administration of standing and breakthrough pain medications and the impact of these medications on pain and function. This information can be very helpful in guiding clinicians in pain management.









Conclusion and summary


Poor pain management remains a major barrier to high-quality care for patients facing serious illness. Palliative care clinicians have the ability to provide safe and effective pain control for the majority of patients through the appropriate dosing and titration of opioids. Continued research is required to increase the evidence base for the majority of the treatment recommendations provided in this chapter.





Summary Recommendations







• Morphine is the opioid of first choice for the treatment of severe pain.


• Patients on standing opioids should be prescribed rescue medications for breakthrough pain.


• Clinicians should educate patients about the efficacy and side effects of opioids, as well as address any concerns about the use of this class of medication so as to increase patient adherence.


• All patients started on opioids should be started on a bowel regimen unless there is a clear contraindication.


• Opioid treatment agreements should be considered in outpatient practices.
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Introduction and scope of the problem


Pain is the most common symptom experienced by hospitalized adults.1 Patients with advanced disease admitted to a hospital setting often have moderate to severe pain and require intravenous opioid therapy.2 Beginning intravenous opioid therapy in the inpatient setting allows for rapid titration of pain medication, because medication doses may be repeated or the dose escalated over minutes to hours. The inpatient setting also allows for controlled dispensing of opioid medications with little concern for misuse or diversion. Acute severe pain requires rapid application of analgesic strategies and aggressive treatment, which are distinct from chronic management techniques that may be done in the outpatient setting. Numerous adverse outcomes exist to poorly treated pain, including reduced patient satisfaction,3 depressed mood,4 decreased quality of life,5 increased interference with physical functioning,4 and increased costs resulting from prolongation of hospital stays and delays in return to work.6,7 In the postoperative setting, complications of poorly controlled pain may include splinting because of chest wall pain, leading to atelectasis and ultimately pneumonia, and deep venous thrombosis8 resulting from reduced movement because of pain and limiting physical function. Organizations including the World Health Organization (WHO),9 the American Pain Society,10 the European Association for Palliative Care,11 and the American Geriatrics Society12 have developed guidelines for the treatment of pain, but untreated and poorly controlled pain remains a major problem in hospital settings.









Relevant pathophysiology


Pain is defined as “an unpleasant sensory and emotional experience associated with actual or potential tissue damage.”13 Pain can be classified as nociceptive, neuropathic, or idiopathic. Nociceptive pain can be further classified as either somatic (resulting from injury to skin and deep tissue) or visceral pain (resulting from injury to internal organs). Visceral pain is often described as dull, vague, or diffuse, whereas somatic pain is more likely to be well-localized and described as sharp or intense.


The cause of a patient’s pain should always be assessed and disease-specific treatment offered14 when appropriate and consistent with patients’ goals of care. The focus of this chapter will be on treating pain in the inpatient setting with opioids; a discussion of disease-specific therapies is beyond the scope of this section.






Opioid Pharmacology


It is important to understand the pharmacology of opioids because it dictates the way in which opioids are prescribed and administered. The administration of intravenous opioids is associated with the most rapid onset of analgesia. The time to peak plasma concentration and therefore peak effect of intravenous opioids can vary, although the general range is 5 to 30 minutes. The duration of effect is usually 3 to 4 hours. Opioids are conjugated in the liver and excreted (approximately 90% to 95%) by the kidney.












Summary of evidence regarding treatment recommendations






Pain Assessment


The experience of pain is subjective, and therefore a patient’s report of pain is the gold standard of assessment. Treatment begins with a comprehensive pain assessment. This includes asking questions to assess time of onset, precipitating or alleviating factors, quality, presence or absence of radiation, severity, and timing of the pain. A variety of tools may be used for the assessment of pain severity, including numeric pain intensity rating scales (0 = no pain and 10 = worst possible pain) and the verbal descriptor scales (mild, moderate, or severe). The numeric rating scale offers several advantages, including ease of administration and scoring, multiple response options, and no reported age-related difficulties in its use.15 For younger patients and those with cognitive impairments, the Faces Pain Scale may be more effective than verbal report.16 (For more information on treating pediatric patients, see Chapter 65.) Clinicians should assess pain intensity regularly, because this helps guide the initial approach to treatment, efficacy of current regimen, and need for further titration of medications.









Choosing a Starting Dose


When initiating opioid therapy in the inpatient setting, the severity of pain, end organ function, dose of opioid (if any) currently being taken, the patient’s prior experiences with pain, and history of opioid use are all key factors in determining the appropriate regimen. The mu-agonist opioids— morphine, hydromorphone, and fentanyl—are the most commonly used intravenous agents in patients with moderate to severe pain. Methadone is available in an intravenous formulation, but because of its unique pharmacokinetic profile and the complexity relating to its dosing and titration, it should not be used as the initial treatment for pain in the inpatient setting. (For more information on the use of methadone, see Chapters 7 and 8.) In the patient who is opioid naïve, morphine is considered the opioid of choice because of its established effectiveness, availability, familiarity to physicians, simplicity of administration, and relatively lower cost compared to those of other opioids. It is likewise the most appropriate medication for patients on oral morphine who need either titration or escalation of their pain regimen in the inpatient setting.









Opioid Use in Patients With End Organ Dysfunction


Caution should be used with the administration of opioids in patients with renal or hepatic dysfunction. The two major morphine metabolites are morphine-3 glucuronide (M3G) and morphine-6 glucuronide (M6G). M6G appears to contribute to the analgesic activity of morphine.17,18 M3G does not have analgesic activity and is believed to contribute to the neuroexcitatory side effects. Both M3G and M6G are eliminated by the kidney and, because of a longer half-life than the parent compound, will accumulate faster than morphine itself. The buildup of these metabolites is associated with the most severe toxicities observed with the use of opioids (respiratory depression or obtundation, myoclonus, and seizures).19 Although evidence regarding the use of opioids in renal and hepatic insufficiency comes from small group pharmacokinetic studies or case reports, which included patients with wide variation in the degree of organ dysfunction, morphine is still not recommended for use in patients with renal insufficiency.20 It is also appropriate to consider an alternative opioid for a patient receiving morphine who experiences a decrease in renal function and a concomitant increase in undesirable effects. Fentanyl is considered relatively safe in renal insufficiency because there are no known active metabolites. However, few pharmacokinetic data exist regarding fentanyl in end-stage renal disease.21 Clinicians should consider starting even the relatively “renal-failure safer” opioids at lower than normal doses to ensure patient safety.22,23


In the presence of hepatic impairment, most drugs are subject to significantly impaired clearance, but this has been poorly studied in the clinical setting. The elimination of morphine is greatly reduced in patients with liver disease, and the recommendations have been to decrease the frequency of administration in these patients.24,25 A paucity of data exist for the use of hydromorphone in patients with hepatic dysfunction, but expert consensus suggests it can be used with caution by increasing (i.e., extending) the dosing interval.15 In contrast, fentanyl pharmacokinetics do not appear to be altered in patients with cirrhosis and therefore fentanyl may be a reasonable choice in these patients.25









Approach to the Opioid-Naïve Patient


The recommended starting dose for an opioid-naïve patient is morphine 5 to 10 mg intravenously (IV), which is approximately equivalent to 15 to 30 mg of oral morphine. An older or more debilitated patient should be started at the lower end of this range. Although this is the dose commonly used, few studies have evaluated the appropriate starting dose for opioid-naïve patients in acute pain. There have been several studies evaluating the utility of beginning various doses and intervals of morphine to achieve appropriate analgesia, particularly in the emergency room setting.26,27 No one defined standard exists, however, and current practice is based on expert consensus.


Severe pain is considered a medical emergency and should be managed aggressively. Ideally, the starting dose of the opioid should be administered as a bolus or “intravenous push” dose as opposed to a slow infusion over 30 minutes. The peak effect of intravenous opioids is approximately 8 to 15 minutes after administration; therefore the analgesic response can be reevaluated at about 15 minutes after an intravenous push. The dose may then be repeated every 15 minutes if the patient is not sedated and adequate analgesia has not been achieved (see Chapter 1, Table 1-3). A rule of thumb for dose increases is to use 25% to 50% more morphine for mild to moderate pain and 50% to 100% more for moderate to severe pain. A dose increase of less than 25% is likely to have no effect. Repeated intravenous doses are administered in this fashion to titrate to the point of adequate analgesia. Once the adequate dose has been determined, that dose can be prescribed for every 4 hours as a standing order, assuming there is no hepatic or renal dysfunction. Standing scheduled dosing will maintain stable serum drug levels and provide consistent relief.


In addition to a standing order, patients also should be prescribed medications to treat breakthrough pain. Breakthrough pain refers to a transitory increase in pain, to greater than moderate intensity, in a patient receiving chronic opioid therapy.28 This can be related to incident pain (pain provoked by an event) or pain that occurs spontaneously. Breakthrough pain is treated with rescue medication, which is taken as required (i.e., as needed), rather than on a regular basis.29 The typical dosing recommendations for rescue medications have been based on anecdotal experience. It has been suggested that the effective dose of breakthrough pain medication is a percentage of the patient’s total daily opioid dose (most commonly 10% to 20% of the 24-hour dosing).30,31 However, current evidence suggests that the dose of opioid for breakthrough pain should be determined by individual titration.32–34 Future studies on this topic are warranted because the primary objective of previous trials was to evaluate the efficacy of short-acting formulations, not to determine optimal rescue medication dosing. The dosing interval of the rescue medication is based on the pharmacokinetics described earlier. In reality, a rescue dose could be given every 8 to 15 minutes, because this is the time to peak effect of the intravenous opioids. However, in the inpatient setting it is difficult to have a clinician administer a dose that frequently. In clinical practice, these authors suggest calculating the rescue dose as 10% of the total 24-hour dose, given every hour as needed for pain. This interval should be increased to 2 hours for patients with hepatic or renal dysfunction. In a patient requiring frequent administration of rescue doses it is appropriate to consider starting the patient on patient-controlled analgesia (PCA). For example, if a patient is on morphine 4 mg IV every 4 hours (24-hour dose is 24 mg), the rescue medication dose is 2.4 mg IV every hour as needed for pain, although this would be rounded to 2 mg to simplify administration.









Approach to the Opioid-Tolerant Patient


Pharmacologically, tolerance is defined as the loss of drug effect with chronic dosing.35 Patients on opioid therapy or with a prior history of opioid use will have higher requirements than those who are opioid naïve. Initial dose finding should follow the same guidelines as for the opioid-naïve patient; however, the starting dose will be higher. For example, a patient on long-acting morphine sulfate 45 mg orally (PO) every 12 hours (90 mg in 24 hours) is admitted for progression of disease, with complaints of 10 on a pain scale of 0 to 10 not relieved by the current oral morphine regimen. This is the equivalent of a 24-hour dose of morphine 30 mg IV, or 5 mg IV every 4 hours. Because the patient has severe pain, the clinician decides to increase the dose by 50% and give a 7.5-mg intravenous morphine bolus dose to treat the acute pain crisis.









Opioid Titration


It is important to ensure accurate and continuous recording of the amount of pain medication necessary to achieve adequate analgesia, because this information will allow safer and more efficient dose titration. After the patient has been started on a regimen of standing opioids and a rescue medication, the total dose of opioids required for effective analgesia is then assessed. In general, the goal is that rescue medications be required no more than two or three times per day. If a patient requires a rescue medication more frequently, the standing dose should be increased. The general practice includes calculating the total opioid doses required in the previous 24-hour period. If the patient’s pain is well controlled, this total calculated dose can then be given in divided doses every 4 hours and a new rescue medication dose calculated. If this regimen did not provide adequate relief, the same general rule of thumb applies as described earlier (25% to 50% increase in dose for mild to moderate pain and 50% to 100% increase in dose for moderate to severe pain). For example, a patient is prescribed morphine 4 mg IV every 4 hours and 2 mg IV every hour as needed. The patient has received a total of 5 of the rescue doses (total 24-hour dose is 34 mg). If the pain was well controlled on this regimen, the new dose would be 6 mg IV every 4 hours, with 3 mg IV every hour as needed (doses rounded for ease of administration). If the pain was only moderately controlled, the dose can be increased by 25% to 50%. The new dose would then be 8 mg IV every 4 hours, with 4 mg IV every hour as needed for pain.









Method of Administration


In addition to administering standing opioid doses every 4 hours, the inpatient setting allows for continuous intravenous infusions of pain medications. Depending on the source or severity of pain and the patient’s overall health status, continuous intravenous infusions may help achieve better efficacy. This can be achieved either with a continuous “drip” or via a PCA pump. PCA allows a patient to self-administer opioid therapy (according to a clinician’s order) to control pain. PCA administration can include a baseline (continuous) infusion, a patient-controlled demand (bolus) dose given at some frequency with a lockout interval, or both; the basal and bolus can each be given alone, or they may be given together. Lockout interval refers to the time between boluses during which the pump will not allow more bolus doses to be administered. Use of PCA has several advantages, the primary being patient convenience. The medication can be administered immediately, removing the delay that often exists when a clinician is required to bring the rescue medication. For a patient with acute severe pain, PCA will allow for more rapid pain relief and faster titration of opioid therapy. Finally, PCA helps to ensure safety; a patient who becomes sedated can no longer press the button for additional doses, thus limiting the risk for respiratory depression. If other individuals press the button to release bolus doses, this can result in administration of potentially unnecessary and unsafe doses of the medication.


Finding the appropriate dose for PCA administration is very similar to the methods described earlier. In general, the majority of patients started on PCA will have been on opioid therapy previously. The first step is to calculate the total opioid doses required in the previous 24-hour period. Expert opinion suggests that 50% to 70% of this dose should be used as the basal (continuous infusion) rate. If the regimen previously used did not provide adequate relief, using the entire 24-hour requirements as the basal dose should be considered. Evidence on the appropriate lockout interval is lacking. Based on the pharmacokinetics of the intravenous opioids the lockout can be between 5 and 30 minutes. In clinical practice the most commonly used intervals are 6, 8, 10, and 15 minutes. In general, the lockout interval should be based on providing adequate analgesic coverage during times when patients need the most coverage (during times when activities or other factors that precipitate pain may occur). The American Pain Society recommends a lockout interval of 5 to 10 minutes for patients with acute pain.36 The bolus dose given is typically 50% to 150% of the basal dose.37 In the authors’ experience, the general practice is a lockout of 10 minutes with a bolus dose of 50% of the basal amount. The amount of the bolus dose depends on the nature of the pain. Patients who experience severe incident pain may benefit from a relatively higher PCA dose. When intravenous access is not possible, PCA may be administered by the subcutaneous route. Based on risk for local irritation and toxicity, there is a maximum hourly rate that can be given by the subcutaneous route. The maximum rate may be as high as 10 mL per hour, although institutional policies vary.38 The subcutaneous route may therefore require bags with higher than standard concentrations to keep the hourly maximum volume low. Use of nonstandard concentrations is a potential source of medication error and should be carefully reviewed with the pharmacist and nurse administering the medication. Inappropriate candidates for PCA therapy include patients who are physically or cognitively unable to self-administer demand or breakthrough medication. In other words, patients must be able to interpret their own pain and be able to press the button to administer a bolus dose. Patients, families, and clinicians should be reminded that the PCA bolus should be administered only by the patient. For example, a patient is on morphine 6 mg IV every 4 hours and 4 mg IV every hour as needed (received 10 doses in last the 24 hours). To better control the patient’s pain, the clinician decides to start a PCA. The patient received a total of morphine 76 mg IV (6 doses of 6 mg plus 10 doses of 4 mg) in 24 hours. Because the patient rates her current pain as a 5 on a pain rating scale of 0 to 10, it is decided that the basal dose will be 70% of the previous total 24-hour dose. Thus the basal rate should be 2.2 mg per hour (76 mg/24 hr × 70% as basal = 53 mg over 24 hours = 2.2 mg/hr). The orders will be written as follows (note that the doses have been rounded to simplify administration and setting of the pump):




1. Basal rate: Morphine 2.5 mg per hour


2. Bolus dose: Morphine 1.5 mg with a lockout interval of 10 minutes (50% of the basal dose, adjusted for rounding)


3. Maximum hourly dose: 11.5 mg per hour





When starting a basal rate via the PCA it is important to remember that it will take several hours for the dose to reach a steady state. More specifically, it will take 4 to 5 half-lives of a drug to reach a new steady state. Therefore simply starting the basal rate will take 10 to 15 hours for the drug to reach a steady state. In the inpatient setting, this may be an unacceptably long delay to achieve analgesia. It would not be unusual for a patient to use the bolus doses more frequently during this period. A clinician-activated bolus dose ordered in addition to the basal and bolus rate also can be considered. This dose is usually written as 10% of the total 24-hour dose every hour as needed for pain. The clinician-activated bolus is administered by the nurse most commonly by PCA, but can also be given as a separate intravenous dose (bolus or slower infusion). For example, for the patient discussed earlier the orders will now be:




1. Basal rate: Morphine 2.5 mg per hour


2. Bolus dose: Morphine 1.5 mg, with a lockout interval of 10 minutes


3. Maximum hourly dose: 11.5 mg per hour


4. Clinician-administered dose: 6 mg every hour as needed × 4 doses (Note: The clinician dose is based on the 24-hour total basal rate, not the maximum hourly dose. The modifier of “×4 doses” is written because if the patient has not achieved appropriate analgesia with the PCA and 4 clinician-administered doses, the patient needs to be reassessed to determine if the entire regimen should be adjusted.)












Opioid Side Effects


Common opioid side effects are listed in Table 2-1. Tolerance develops to all opioid side effects, with the exception of constipation, which is an expected and predictable consequence of taking opioids. At the time of prescribing opioids all patients should also be started on a prophylactic bowel regimen, unless the patient has diarrhea or another contraindication to a bowel regimen. One of the most commonly used regimens is senna (Senokot) (1 or 2 tablets at bedtime) and docusate (100 mg two or three times per day), although evidence is lacking to recommend the addition of docusate to senna as an initial regimen to improve laxation.39,40 Clinicians should assess for constipation during every follow-up visit after a patient is started on an opioid regimen. (For further discussion of treating constipation in the setting of opioids, see Chapter 24.)


Table 2-1 Opioid Side Effects






	Side effect

	Time on stable opioid dose to the development of tolerance






	Constipation
Nausea/vomiting
Pruritus
Sedation
Respiratory depression

	Never
7-10 days
7-10 days
36-72 hr
Extremely rare when opioids are dosed appropriately














Opioid Rotation


Opioid rotation involves switching from one opioid to another in an attempt to limit adverse effects or improve analgesia. The clinician should consider opioid rotation when a patient has (1) difficulty with the initial opioid prescribed because of intolerable side effects (e.g., nausea, pruritus, myoclonus), (2) poor response to pain control with the initial opioid despite appropriate titration, or (3) worsening of renal or hepatic function.41,42 When choosing to rotate from morphine to another opioid, oxycodone and hydromorphone are both reasonable alternatives.41 If the patient’s pain is well controlled, the equianalgesic dose for the new opioid can be calculated using the Opioid Analgesic Equivalences table (see Chapter 1, Table 1-3). When rotating opioid medications, the concept of incomplete cross- tolerance must be taken into consideration, in which the new drug may be more effective because of differences in potency or drug bioavailability. An appropriate dose reduction is to decrease the new opioid dose by 25% to 50% to allow for this incomplete cross-tolerance.43 Clinical judgment should be used in selecting the appropriate dose (e.g., if the pain is not well controlled, the clinician may consider not decreasing the dose or dose reducing by only 25%). The patient should have close follow-up, because the dose initially chosen may need to be titrated.












Key messages to patients and families


Clinicians should explain to patients and families that the majority of pain associated with serious illness can be effectively treated with available analgesics. Patients should be empowered to believe that serious pain is a medical emergency and they should expect adequate analgesia in a timely fashion, with particular attention paid to rapid pain control. Addiction and psychological dependence are common concerns for patients and their families, and given the frequency of this concern, clinicians may want to proactively address this topic. It is important to remind patients that the risk for addiction (defined as persistent use despite harm to self or others) in a patient taking opioids for pain who has no history of abuse is exceedingly low.44 Likewise, because of misconceptions about opioids, patients and families often have other concerns about these medications. Clinicians should thus encourage patients and their families to express their concerns about side effects, because these can pose barriers to effective pain management.









Conclusions and summary


Pain is a significant symptom experienced by hospitalized patients. Opioids are effective at treating pain in the hospitalized patient and can lead to improved patient outcomes. Palliative care practitioners can provide rapid, effective, and safe pain management for patients in the inpatient setting. The majority of current evidence surrounding the initiation and titration of opioids in the inpatient setting relies on expert opinion and consensus. Further investigative work is needed to improve the evidence base for these treatment recommendations.





Summary Recommendations







• Morphine is the opioid of first choice for the treatment of pain.


• Patients on standing opioids should be prescribed rescue medication for breakthrough pain.


• Patients in severe pain crisis should be given intravenous bolus pain medication until the crisis is resolved.


• Patient-controlled analgesia should be considered for patients with severe pain requiring frequent bolus doses.


• Opioid rotation should be considered for patients with intolerable side effects or poorly managed pain despite adequate titration.
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Introduction and scope of the problem


Pain is the most common symptom experienced by hospitalized adults. Despite recognition of the importance of effective pain management, undertreatment of pain continues to be widespread.1 Many patients with serious illness who are admitted to the hospital and those in the postoperative setting will have moderate to severe pain and require opioid therapy. For patients undergoing surgery in the United States, it has been estimated that less than 25% will receive adequate relief of acute pain.2 Poorly treated pain can result in adverse outcomes, including reduced patient satisfaction,3 depressed mood,4 decreased quality of life,5 worsening of functional status,4 and increased costs resulting from prolonged hospital stays and delays in return to work.6,7 In patients undergoing abdominal, thoracic, or cardiac surgery, uncontrolled pain can result in respiratory splinting, increasing the risk for atelectasis, pneumonia, and immobility, with the associated complications of thromboembolic disease and muscular deconditioning.8 Organizations such as the World Health Organization (WHO),9 the American Pain Society,10 the European Association for Palliative Care,11 and the American Geriatrics Society,12 have developed guidelines for the treatment of pain, but unfortunately many hospitalized patients continue to have poorly controlled pain.









Relevant pathophysiology






Types of Pain


Pain is defined as “an unpleasant sensory and emotional experience associated with actual or potential tissue damage.”13 The experience of pain is subjective, and thus a patient’s self-report of pain is the gold standard for assessment. Pain can be classified as nociceptive, neuropathic, or idiopathic. Nociceptive pain can be further classified as either somatic (resulting from injury to skin and deep tissue) or visceral pain (resulting from injury to internal organs). Visceral pain is often described as dull, vague, or diffuse, whereas somatic pain is more likely to be well localized and described as sharp or intense.









Opioid Pharmacology


A basic understanding of opioid pharmacology is necessary because it dictates the way opioids are prescribed and administered. The administration of intravenous opioids is associated with the most rapid onset of analgesia but also the shortest duration of action. The time to peak plasma concentration and therefore peak effect of intravenous opioids can vary from approximately 8 to 15 minutes. The time to peak effect of a short-acting oral opioid is 60 to 90 minutes. The duration of effect for both intravenous and oral opioids is usually 3 to 4 hours. Longer-acting oral opioids have varying durations of effect. In general, the duration is 8 to 24 hours, depending on the particular formulation (not including methadone, which has more complex pharmacokinetics and is covered in more detail in Chapters 7 and 8). Opioids are conjugated in the liver and excreted (approximately 90% to 95%) by the kidney. These medications do not have an analgesic efficacy ceiling (i.e., higher doses are associated with greater pain relief), and they can be titrated upward as needed until dose-limiting side effects appear.












Summary of evidence regarding treatment recommendations


One of the advantages of intravenous opioid therapy over oral formulations is that the administration of intravenous medications allows for rapid titration because the time to onset is short compared to that of oral medications. This allows for rapid repeat administration and dose escalation to achieve effective pain control. For patients with mild pain the initiation and titration of oral opioid therapy may be appropriate. Conversely, for patients with severe, poorly controlled pain, intravenous administration is the preferred route. Patient–controlled analgesia (PCA) allows patients to self-administer intravenous opioid therapy (according to a clinician’s order) with an electronic infusion device to control pain. Typically, PCAs employ intravenous opioids, although the subcutaneous route also can be used. Of note, intravenous and subcutaneous doses are identical. PCA administration can include a baseline (continuous) infusion, a patient-controlled demand (bolus) dose given at some frequency with a lockout interval, or both. The basal and bolus can each be given alone, or they may be given together. The lockout interval is the time between boluses during which the pump will not allow administration of more bolus doses.


PCA offers several advantages. First, PCA therapy reduces the time from the experience of pain to treatment. Specifically, PCA allows medication to be administered immediately, removing the delay that often exists when a nurse is required to bring a rescue intravenous medication. Second, for a patient with acute severe pain, PCA provides faster, individualized titration of opioid therapy than clinician-directed oral or intravenous opioid escalation and thus more rapid pain relief.14 Finally, PCA helps ensure safety; a patient who becomes sedated can no longer press the button for additional doses, thus limiting the risk for respiratory depression. The following section will discuss the use of PCAs in patients with serious illness and those in the postoperative setting.


The mu-agonist opioids—morphine, hydromorphone, and fentanyl—are the most commonly used intravenous agents in patients with moderate to severe pain. For most opioid-naïve patients, morphine is considered the medication of choice because of its established effectiveness, availability, familiarity to physicians, ease of administration, and relatively low cost. Little evidence exists suggesting major differences in efficacy or side effects between morphine and other commonly used opioids, with the exception of patients with renal insufficiency.15,16 In the setting of renal insufficiency, the use of a drug with no active metabolites, such as fentanyl, is preferred.17 Finally, although methadone is available in an intravenous formulation and can be used in PCA, its unusual pharmacokinetic profile and the complexity of its dosing typically relegate its use to situations in which other opioids have not been effective. As a result of its unique properties, methadone should be used only by highly experienced palliative care clinicians. The use of methadone is discussed separately in Chapters 7 and 8.


For patients started on PCA who have previously been receiving opioid therapy, the first step is to calculate the total opioid doses required in the previous 24-hour period. Expert opinion suggests that 50% to 70% of this dose should be used as the basal (continuous infusion) rate (divided over a 24-hour period). If the regimen previously used did not provide adequate relief, using the entire last 24-hour opioid requirement as the basal dose and then calculating the per-hour dose can be considered. In regard to the lockout period, evidence is lacking as to the most appropriate duration. Based on the pharmacokinetics of intravenous opioids, the lockout can be 5 to 30 minutes. In clinical practice the most commonly used intervals are 6, 8, 10, and 15 minutes. In general the lockout interval should be based on providing adequate analgesia during times when activities or factors that precipitate pain are most likely to occur. The American Pain Society recommends a lockout interval of every 5 to 10 minutes for patients with acute pain.18 The bolus dose is typically 50% to 100% of the basal dose.19 In the authors’ experience, the general practice is a lockout of 10 minutes with a bolus dose of 50% of the basal. The amount of the bolus dose given depends on the nature of the pain. Patients who experience severe incident pain may benefit from a relatively higher PCA bolus dose. When intravenous access is not possible, PCA may be administered by the subcutaneous route. Based on risk for local irritation and toxicity, there is a maximum hourly rate that can be given by the subcutaneous route. The maximum rate may be as high as 10 mL per hour, although institutional policies vary.20 Inappropriate candidates for PCA therapy include patients who are physically or cognitively unable to safely and effectively self-administer demand or breakthrough medication.21 Patients, families, and clinicians should be reminded that the PCA bolus should be administered only by the patient. If individuals other than patients press the button to release bolus doses, the inherent safety of the PCA (i.e., the inability of sedated patients to press the button, resulting in overdose) is compromised, resulting in administration of potentially unnecessary and unsafe doses. For example, a patient is on morphine 6 mg intravenously (IV) every 4 hours and 4 mg IV every hour as needed (received 10 doses in last 24 hours). To better control the patient’s pain, the clinician decides to start PCA. The patient received a total of morphine 76 mg IV (6 doses of 6 mg + 10 doses of 4 mg) in 24 hours. Because the patient rates her current pain as 5 on a pain scale of 0 to 10, it is decided that the basal dose will be 70% of the previous total 24-hour dose. Thus the basal rate should be 2.2 mg per hour (76 mg/24 hr × 70% as basal = 53 mg over 24 hr = 2.2 mg/hr). The orders will be written as follows (note that the doses have been rounded to make administration and setting of the pump easier):




1. Basal rate: Morphine 2.5 mg/hr


2. Bolus dose: Morphine 1.5 mg with a lockout interval of 10 minutes (50% of the basal dose, adjusted for rounding)


3. Maximum hourly dose: 11.5 mg/hr





When starting a basal rate for PCA it is important to remember that it will take 4 to 5 half-lives, possibly 10 to 15 hours, for the drug to reach a new steady state. This can result in delayed response for patients experiencing severe pain. During this period, it is not unusual for patients to use frequent bolus doses. A clinician-activated bolus dose can be used in addition to the basal and bolus doses and can be administered either by PCA or intravenously as a drip or push. This dose is usually written as 10% of the total 24-hour basal dose every hour as needed for pain. In the previous example, the clinician dose would be 2.5 mg every hour as needed × 4 doses.


For patients who are in the postoperative setting, initial dosing for PCA is different from that for patients with serious, chronic illness. Bolus administration without continuous infusion is the most common method employed for the postoperative patient population. It has been reported that the use of a continuous infusion versus bolus dosing only is associated with no difference in the number of bolus doses given, but the incidence of side effects is increased.22,23 The routine use of a continuous infusion is not recommended as standard treatment for these patients because postoperative pain is self-limited and the expectation is that the opioid will be tapered quickly. However, a continuous infusion is reasonable in patients who are opioid-tolerant and in opioid-naïve patients who show high opioid requirements or complain of waking at night in severe pain.24 Although there is no standard approach to starting PCA administration in opioid-naïve patients, Table 3-1 presents a general consensus starting point.




Table 3-1 Patient-Controlled Anesthesia Dosing for Opioid-Naïve Patients
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Data show that PCA versus conventional intravenous opioid analgesia for postoperative pain (e.g., a nurse administering an opioid on patient request) results in improved pain control and greater patient satisfaction with a similar adverse event profile.25,26 However, few data exist regarding PCA versus oral opioids in this setting. The few studies evaluating oral opioids compared to PCA in the postoperative setting suggest the analgesic outcomes are equivalent.27–29 However, these studies were conducted in varying types of surgical patients, used different opioids, used novel techniques, and also included the use of adjuvant analgesics. Therefore, no standard technique or guideline is available regarding the most effective approach.









Key messages to patients and families


Clinicians should help patients and their families understand that pain can inhibit mobility and recovery and effective pain control is critically important to improve both patient comfort and clinical outcomes. The distinction between when pain can be managed with oral agents or with intravenous agents can be confusing for patients, so clarification is helpful. For example, explain that uncomplicated postoperative pain can be managed with oral opioids for many patients, but for those patients who have severe pain, PCA can provide enhanced analgesia and at the same time allow patients more control over administration of their pain medication.









Conclusion and summary


Pain is a common symptom in hospitalized adults and in the postoperative setting. Many modalities are available to treat these patients. PCA can be a very effective and safe method of pain relief and may allow easier individualization of therapy compared with conventional methods of opioid analgesia. Although oral opioids may be appropriate in some postoperative settings, a longer time is required for titration to adequate relief.





Summary Recommendations







• Morphine is the opioid of first choice for the treatment of severe pain.


• Intravenous patient-controlled analgesia (PCA) provides superior postoperative analgesia and improves patient satisfaction.


• Intravenous PCA allows for more rapid titration of analgesia.














References





1 Warfield C.A., Kahn C.H. Acute pain management: programs in U.S. hospitals and experiences and attitudes among U.S. adults. Anesthesiology. 1995;83(5):1090–1094.


2 Phillips D.M. JCAHO pain management standards are unveiled: Joint Commission on Accreditation of Healthcare Organizations. JAMA.. 2000;284(4):428–429.


3 Myles P.S., Williams D.L., Hendrata M., Anderson H., Weeks A.M. Patient satisfaction after anaesthesia and surgery: results of a prospective survey of 10,811 patients. Br J Anaesth.. 2000;84(1):6–10.


4 Cleeland C.S., Gonin R., Hatfield A.K., et al. Pain and its treatment in outpatients with metastatic cancer. N Engl J Med.. 1994;330(9):592–596.


5 Rustoen T., Moum T., Padilla G., Paul S., Miaskowski C. Predictors of quality of life in oncology outpatients with pain from bone metastasis. J Pain Symptom Manage.. 2005;30(3):234–242.


6 Stewart W.F., Ricci J.A., Chee E., Morganstein D., Lipton R. Lost productive time and cost due to common pain conditions in the US workforce. JAMA.. 2003;290(18):2443–2454.


7 Fortner B.V., Demarco G., Irving G., et al. Description and predictors of direct and indirect costs of pain reported by cancer patients. J Pain Symptom Manage.. 2003;25(1):9–18.


8 Nett M.P. Postoperative pain management. Orthopedics.. 2010;33(9 suppl):23–26.


9 World Health Organization. WHO’s pain ladder. http://www.who.int/cancer/palliative/painladder/en/; Accessed May 21, 2012.


10 American Pain Society. Principles of Analgesic Use in the Treatment of Acute Pain and Cancer Pain, 6th ed. Glenview, IL: American Pain Society; 2008.


11 Hanks G.W., Conno F., Cherny N., et al. Morphine and alternative opioids in cancer pain: the EAPC recommendations. Br J Cancer.. 2001;84(5):587–593.


12  Pharmacological management of persistent pain in older persons. J Am Geriatr Soc. 2009;57(8):1331–1346.


13 International Association for the Study of Pain. IASP Taxonomy. http://www.iasp-pain.org/Content/NavigationMenu/GeneralResourceLinks/PainDefinitions/default.htm; Accessed October 9, 2012.


14 Graves D.A., Foster T.S., Batenhorst R.L., Bennett R.L., Baumann T.J. Patient-controlled analgesia. Ann Intern Med.. 1983;99(3):360–366.


15 Rapp S.E., Egan K.J., Ross B.K., Wild L.M., Terman G.W., Ching J.M. A multidimensional comparison of morphine and hydromorphone patient-controlled analgesia. Anesth Analg.. 1996;82(5):1043–1048.


16 Woodhouse A., Hobbes A.F.T., Mather L.E., Gibson M. A comparison of morphine, pethidine and fentanyl in the postsurgical patient-controlled analgesia environment. Pain.. 1996;64(1):115–121.


17 Smith H.S. Opioid metabolism. Mayo Clin Proc.. 2009;84(7):613–624.


18 Gordon D.B., Dahl J., Phillips P., et al. The use of "as-needed" range orders for opiod analgesics in the management of acute pain: a consensus statement of the American Society for Pain Management and the American Pain Society. Pain Manag Nurs.. 2004;5(52):53–58.


19 Miaskowski C., Burney R., Coyne P., et al. Guideline for the management of cancer pain in adults and children. Clinical practice guideline no. 3.. Glenview, IL: American Pain Society; 2005.


20 Bruera E., Brenneis C., Michaud M., et al. Use of the subcutaneous route for the administration of narcotics in patients with cancer pain. Cancer.. 1988;62(2):407–411.


21 Dev R., Del Fabbro E., Bruera E. Patient-controlled analgesia in patients with advanced cancer: should patients be in control? J Pain Symptom Manage.. 2011;42(2):296–300.


22 Hill H.F., Mather L.E. Patient-controlled analgesia: pharmacokinetic and therapeutic considerations. Clin Pharmacokinet.. 1993;24(2):124–140.


23 Etches R.C. Patient-controlled analgesia. Surg Clin North Am.. 1999;79(2):297–312.


24 Macintyre P.E. Safety and efficacy of patient controlled analgesia. Br J Anaesth.. 2001;87(1):36–46.


25 Liu S.S., Wu C.L. The effect of analgesic technique on postoperative patient-reported outcomes including analgesia: a systematic review. Anesth Analg.. 2007;105(3):789–808.


26 Hudcova J., McNicol E., Quah C., Lau J., Carr D.B. Patient controlled opioid analgesia versus conventional opioid analgesia for postoperative pain. Cochrane Database Syst Rev. (4):2006. CD003348


27 Striebel H.W., Scheitza W., Philippi W., Behrens U., Toussaint S. Quantifying oral analgesic consumption using a novel method and comparison with patient-controlled intravenous analgesic consumption. Anesth Analg.. 1998;86(5):1051–1053.


28 Ho H.S. Patient-controlled analgesia versus oral controlled-release oxycodone: are they interchangeable for acute postoperative pain after laparoscopic colorectal surgeries? Oncology.. 2008;74(suppl 1):61–65.


29 Rothwell M.P., Pearson D., Hunter J.D., et al. Oral oxycodone offers equivalent analgesia to intravenous patient-controlled analgesia after total hip replacement: a randomized, single-centre, non-blinded, non-inferiority study. Br J Anaesth.. 2011;106(6):865–872.
















Chapter 4 How Should Opioids Be Used to Manage Pain Emergencies?




Gabrielle R. Goldberg, Cardinale B. Smith









INTRODUCTION AND SCOPE OF THE PROBLEM


RELEVANT PATHOPHYSIOLOGY


SUMMARY OF EVIDENCE REGARDING TREATMENT RECOMMENDATIONS



Referral of the Patient to the Appropriate Care Setting




Assessment of Whether Patient Is Opioid-Naive




Intravenous Administration of Appropriate Opioid Dose




Reassessment for Efficacy and Tolerability at Time to Peak Effect




Administration of Additional Opioid for Pain Not Well Controlled




Administration of Appropriate Standing Opioid Regimen Based on Opioids Required to Control Pain Emergency




Administration of Patient-Controlled Analgesia for Appropriate Patient Populations



KEY MESSAGES TO PATIENTS AND FAMILIES


CONCLUSION AND SUMMARY












Introduction and scope of the problem


A complaint of severe pain should be treated as a medical emergency.1 Pain emergencies may occur in the setting of acute pain, defined as acute “injury to the body…usually due to a definable nociceptive cause.”2 Pain emergencies may also occur in the setting of breakthrough pain, defined as “transient flares of severe pain in patients already managed with analgesics.”2 Limited data exist on the prevalence of acute pain crises. In one major cancer center, up to 25% of the consults to the palliative care inpatient service were for assistance in the management of an acute pain crisis.1 The prevalence of breakthrough pain in patients both with cancer and without cancer receiving treatment for chronic pain is high, ranging from 65% to 85%.3


Despite this high prevalence, the management of acute pain in the postoperative and emergency room settings is inadequate.4 Inadequate management of acute pain has multiple consequences, including reduction in quality of life, poor sleep, impaired physical functioning, and high economic costs because of increased need for hospitalization.4 Effective pain management results in reducing the incidence of these consequences and the risk for developing chronic pain.4 Pain can be adequately relieved with opioids in most patients.5









Relevant pathophysiology


Pain is defined as “an unpleasant sensory and emotional experience associated with actual or potential tissue damage.”6 It is a subjective experience, and the gold standard for pain assessment is patient report. Pain can be classified as nociceptive, neuropathic, or idiopathic. Nociceptive pain can be further classified as either somatic (resulting from injury to skin and deep tissue) or visceral (resulting from injury to internal organs). Visceral pain is often described as dull, vague, or diffuse, whereas somatic pain is more likely to be well localized and described as sharp or intense.


The approach to the treatment of acute pain and breakthrough pain emergencies differs because patients experiencing severe breakthrough pain are likely to be on a standing opioid regimen and are therefore opioid tolerant. Opioid-tolerant patients will require higher doses of opioids to achieve therapeutic effect compared with opioid-naïve patients.


Pain emergencies are often associated with progression of the underlying disease. The pain symptom should be urgently treated while the clinician is concurrently considering the underlying cause of the pain and assessing which additional evaluations and interventions would be therapeutic and consistent with the patient’s overall goals of care. Thorough evaluation of pain should include a pain history (including onset, prior responses to opioids, quality, radiation, severity, and temporal factors); assessment of the impact of pain on the patient’s physical, social, and psychological functioning; and complete physical examination, including neurological evaluation.1 This comprehensive evaluation is essential because it guides selection of initial opioid type and dose. The assessment must occur rapidly in the setting of an acute pain crisis,7 although some aspects of this evaluation can be delayed until the patient reaches an acceptable level of pain that will allow patient compliance and tolerability of the evaluation. Disease-specific workup and recommendations are beyond the scope of this chapter.









Summary of evidence regarding treatment recommendations


Few prospective controlled trials have been conducted assessing the efficacy of treatment regimens for episodic, breakthrough pain. Therapeutic communication is of utmost importance in treatment of a pain emergency. The palliative care clinician should clearly communicate to the patient that pain control is important, that it will be accomplished in a short time, and that the clinician will remain present with the patient until the crisis is ameliorated. The following discussion is a summary of an approach to the use of opioids for treatment of patients with severe pain (Figure 4-1).
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Figure 4-1 Approach to treatment of pain emergency.








Referral of the Patient to the Appropriate Care Setting


A complaint of severe pain is a pain emergency, and patients should be referred to a care setting that will allow rapid assessment, treatment, and titration of opioids. Given that the route of administration determines the time to peak effect of opioids, severe pain should be treated in a location that allows administration of intravenous or subcutaneous opioid. The time to peak effect of an oral dose of opioid is 60 to 90 minutes and is therefore not appropriate for use in the setting of a pain emergency.5


The strongest evidence base for the treatment of acute breakthrough pain indicates administration of oral transmucosal fentanyl.8 However, given its lower cost and widespread availability, morphine is generally the opioid of first choice.5,9 In the acute setting of a pain emergency, even in the presence of renal and hepatic dysfunction, morphine can be administered in the short term, with consideration of decreasing the routine starting doses discussed below. (Note: Intravenous and subcutaneous opioid dosing for morphine are equivalent; therefore dosing recommendations in the following discussion also may be applied to subcutaneous administration.)









Assessment of Whether Patient Is Opioid-Naive


The initial opioid dose should be based on assessment of whether a patient is opioid naïve or opioid tolerant. A patient on a stable opioid dose for as few as several days is likely to have developed tolerance and will therefore require higher opioid doses to reach the same degree of analgesia as an opioid-naïve patient.






The Opioid-Naïve Patient


The recommended starting dose for an opioid-naïve patient in an acute pain crisis is morphine 5 to 10 mg intravenously (IV) or its equianalgesic equivalent (see Chapter 1, Table 1-3). For older or more debilitated patients, particularly those with renal or hepatic dysfunction, starting at the low end or below this range should be considered. Remember that the duration of action of the opioid is likely to be longer in older patients or in the setting of renal or hepatic dysfunction compared to that in younger or healthier individuals.









The Opioid-Tolerant Patient


The recommended rescue or breakthrough dose for a patient on standing opioids who is in the midst of an acute pain crisis is generally 5% to 20% of the patient’s total 24-hour opioid requirement.10 In the authors’ experience, a dose of 10% of the 24-total hour dose is usually sufficient.11 In the inpatient setting, this dose can be rapidly titrated in a short interval, so dosing at the lower end of this range provides less concern for side effects.












Intravenous Administration of Appropriate Opioid Dose


The time to peak effect of an intravenous dose of opioids is 8 to 15 minutes. If patients have had no effect 15 minutes after administration of an intravenous opioid, they are unlikely to have additional benefit, despite the fact that the duration of effect will be 3 to 4 hours. Repeat administration can therefore be administered after 8 to 15 minutes.









Reassessment for Efficacy and Tolerability at Time to Peak Effect


After 15 minutes, patients should have a repeat assessment of pain severity. Clinicians should also evaluate patients for evidence of opioid side effects, particularly for evidence of sedation. If at this point the pain is well controlled (as defined by return to an acceptable level of pain for the patient), the clinician can consider starting or making adjustments to the standing opioid regimen.









Administration of Additional Opioid for Pain Not Well Controlled


If the patient reports that the pain is partially improved, but continues to be mild to moderate or otherwise unacceptable to the patient and no side effects are evident, the clinician may repeat the opioid dose at the initial dose or a decreased dose. If evidence of side effects is present but the patient reports continued mild to moderate pain, the clinician should consider repeating administration of the opioid, but at 50% of the original dose. When a patient begins to demonstrate side effects, the clinician must closely observe the patient to ensure safety. Another treatment option for inadequate analgesia with evidence of side effects is rotation to another opioid.


If the patient reports that pain is still severe, with minimal to no effect of the initial opioid dose and the clinician determines that no side effects are evident, the patient should be administered a repeat bolus of opioid with a 25% to 50% dose escalation for moderate pain and 50% to 100% dose escalation for severe pain.7









Administration of Appropriate Standing Opioid Regimen Based on Opioids Required to Control Pain Emergency


When the patient’s pain is controlled, the clinician should determine the total dose of opioid the patient required to get the pain under control and over what length of time the patient received the pain medications. The amount of opioid required to break a pain crisis is often higher than the opioid dose required to maintain patient comfort. The clinician must take into consideration the patient’s report of pain and the report or appearance of side effects (particularly the level of sedation). In a patient who reports mild pain with no evidence of side effects, the dose required to break the pain crisis can be prescribed as a standing dose every 4 hours. However, if the patient reports complete resolution of pain or displays evidence of sedation, administering 50% of the dose required to break the crisis every 4 hours as the standing dose should be considered. The standing regimen should be given, with 10% of the total 24-hour opioid dose available for breakthrough or incident pain. The patient’s comfort level should be reevaluated at regular, short intervals for maintenance of pain control and presence of side effects. For example, a patient received morphine 4 mg IV at 11:00 am for the complaint of severe pain. At 11:15 am the patient was still in moderate to severe pain, with no evidence of side effects, and received an immediate dose of morphine 6 mg IV. At 11:30 am, the patient reports complete resolution of pain and appears sleepy. The patient received a total of 10 mg of morphine to achieve relief, but is demonstrating some evidence of side effects. The patient can be started on morphine 5 mg IV every 4 hours, with morphine 3 mg IV every 1 hour as needed for breakthrough pain. There should be a plan for frequent follow-up to reassess for pain relief and evidence of side effects.









Administration of Patient-Controlled Analgesia for Appropriate Patient Populations


Patient-controlled analgesia (PCA) should be considered for patients with rapidly accelerating pain requiring ongoing titration and patients with frequent episodes of breakthrough pain.5 The use of PCA is discussed in Chapters 2 and 3.












Key messages to patients and families


Patients should understand that their complaint of severe pain will be treated as a medical emergency. It is important that patients be instructed that to provide urgent treatment, their clinician may refer them to a site that will allow intravenous pain medications to be administered. The total amount of medication required to get a pain emergency under control is often higher than the dose of medication required to keep pain under control; therefore patients should be encouraged to take pain medications as prescribed and notify their clinician if pain is not effectively controlled on the prescribed regimen.









Conclusion and summary


A complaint of severe pain is a medical emergency, and it should be treated as such by clinicians. With effective intravenous titration of opioids, the majority of pain emergencies can be controlled within a short time. While treating a pain emergency with opioids, the clinician should simultaneously be considering the cause of the symptom and appropriate evaluation and nonopioid adjuvant therapies within the context of the patient’s overall goals of care. Continued research is required to increase the evidence base for the majority of the treatment recommendations provided in this chapter.





Summary Recommendations


The key steps in responding to a pain emergency are as follows:




• Step 1: Refer the patient to the appropriate care setting for administration of intravenous opioids.


• Step 2: Determine if patient is receiving opioids.


• Step 3: Administer appropriate opioid dose intravenously.


• Step 4: Reassess for efficacy at time to peak effect.


• Step 5: If pain is not well-controlled, administer additional opioid.


• Step 6: Start appropriate standing opioid regimen based on opioids required to control pain emergency.


• Step 7: Consider the use of patient-controlled analgesia for the appropriate patient populations.














References





1 Moryl N., Coyle N., Foley K.M. Managing an acute pain crisis in a patient with advanced cancer: “this is as much of a crisis as a code.”. JAMA.. 2008;299(12):1457–1467.


2 Ripamonti C., Bandieri E. Pain therapy. Crit Rev Oncol Hematol.. 2009;70(2):145–159.


3 Webster L.R. Breakthrough pain in the management of chronic persistent pain syndromes. Am J Manag Care.. 2008;14(5 suppl 1):S116–S122.


4 Sinatra R. Causes and consequences of inadequate management of acute pain. Pain Med.. 2010;11(12):1859–1871.


5 Hanks G.W., Conno Fd, Cherny N., et al. Morphine and alternative opioids in cancer pain: the EAPC recommendations. Br J Cancer.. 2001;84(5):587–593.


6 International Association for the Study of Pain. IASP Taxonomy. http://www.iasp-pain.org/Content/NavigationMenu/GeneralResourceLinks/PainDefinitions/default.htm; Accessed October 9, 2012.


7 Ferrell B., Levy M.H., Paice J. Managing pain from advanced cancer in the palliative care setting. Clin J Oncol Nurs.. 2008;12(4):575–581.


8 Zeppetella G., Ribeiro M.D.. Opioids for the management of breakthrough (episodic) pain in cancer patients. Cochrane Database Syst Rev.. 2006(1):56. CD004311


9 American Pain Society. Principles of Analgesic Use in the Treatment of Acute Pain and Cancer Pain, 6th ed. Glenview, IL: American Pain Society; 2008.


10 Mercadante S., Villari P., Ferrera P., Bianchi M., Casuccio A. Safety and effectiveness of intravenous morphine for episodic (breakthrough) pain using a fixed ratio with the oral daily morphine dose. J Pain Symptom Manage.. 2004;27(4):352–359.


11 Schrijvers D. Emergencies in palliative care. Eur J Cancer.. 2011;47(suppl 3):S359–S361.
















Chapter 5 What Principles Should Guide Oral, Transcutaneous, and Intravenous Opioid Dose Conversions?




Laura P. Gelfman, Emily J. Chai









INTRODUCTION AND SCOPE OF THE PROBLEM


RELEVANT PATHOPHYSIOLOGY


SUMMARY OF EVIDENCE REGARDING TREATMENT OPTIONS



Oral Administration: Pros and Cons




Routes of Administration for Escalating Pain: Intravenous Versus Subcutaneous




Mucosal Route of Delivery: Rectal and Oral




Transdermal Route of Administration



KEY MESSAGES TO PATIENTS AND FAMILIES


CONCLUSION AND SUMMARY












Introduction and scope of the problem


Opioids are the foundation of pain management for patients receiving palliative care. They are administered by many different routes, including the oral route for tablets, capsules, or liquids; the parenteral route for intravenous, intramuscular, and subcutaneous means; and the transdermal, transmucosal, and rectal methods of delivery. Insufficient evidence exists that opioids can be effectively and reliably administered by the intranasal or topical route.


The route for opioid administration is selected by a combination of clinical circumstances, including the underlying cause of pain, the need for long-acting pain management, comorbidities, the setting of care (e.g., acute hospital, nursing home, or home), and available opioid formulations.









Relevant pathophysiology


Whenever feasible and effective, oral administration of opioids is generally preferable. The choice of which oral opioid to use depends on several factors, including the medication’s pharmacokinetics and pharmacodynamics, which are discussed in detail in other chapters.


Nevertheless, in some clinical circumstances the parenteral route is desirable, particularly in the setting of escalating pain in which rapid titration of opioids may be necessary. Using the intravenous route may be advantageous in patients who (1) already have an indwelling intravenous line; (2) have generalized edema; (3) develop erythema, soreness, or abscesses; (4) have coagulation disorders; or (5) have poor peripheral circulation.1 The principal advantage of the intravenous route is that it allows direct administration of the opioid into circulation, providing a rapid and predictable effect independent of issues relating to absorption.2 Patients with poorly controlled pain who require rapid escalation because of unstable disease may require aggressive pain treatment by the intravenous route. Practitioners generally favor the intravenous route. However, the subcutaneous route does have advantages, including requiring a smaller needle, providing greater freedom in choosing an injection site, and allowing for less close supervision. Intramuscular injections are both inconvenient and potentially painful.


The care setting may restrict options for administration routes. Although intravenous administration of opioids is feasible in an acute care setting such as a hospital, many other care settings, such as nursing homes or long-term care facilities, may not permit continuous intravenous therapy. Although intravenous regimens are possible at home, they may be logistically difficult to manage. The subcutaneous route is often used in hospice settings, although this route does not always provide sufficiently rapid onset of action. Table 5-1 outlines formulations for each route of administration.




Table 5-1 Potential Routes of Opioid Delivery
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Summary of evidence regarding treatment options






Oral Administration: Pros and Cons


The use of oral medications is predicated on a patient’s ability to swallow, which requires appropriate mental status and level of alertness and the physiological ability to both safely swallow and absorb medications. If the patient has difficulty swallowing, nausea, vomiting, or respiratory distress, clinicians should opt for a nonoral administration, including parenteral or transdermal mechanisms.3 Additionally, patients with gastrointestinal motility disorders, such as malignant bowel obstruction, short gut syndrome, or gastroparesis, may not absorb opioids in a reliable manner.


For those in whom the oral route of administration is feasible, the bioavailability of opioids generally varies, with estimates of oral bioavailability of methadone at nearly 80% compared to approximately 26% for morphine.4 In spite of the potential variation in opioid bioavailability, the majority of opioids have similar oral absorption, with an onset of action of 30 to 60 minutes and duration of analgesia of about 4 hours. Hydrophilic medications such as morphine, oxycodone, and hydrocodone all undergo extensive first-pass effect when passing through the liver.5 If rapid escalation of opioids is needed in an acute care setting, the dose may be titrated intravenously and the patient transitioned back to an oral regimen when a stable effective dose is achieved.


Usually, opioid regimens for chronic pain include a long-acting or continuous analgesic medication, with the addition of a supplemental short-acting opioid for treatment of breakthrough pain. This breakthrough dose is usually a percentage of a patient’s total daily opioid dose.1 A limitation in using oral opioids for breakthrough pain is that oral formulations take longer to relieve pain than the intravenous route. This slow onset of effect makes oral opioids less effective for breakthrough or activity-provoked pain, which may be brief and resolved by the time the oral opioid has reached peak effect.









Routes of Administration for Escalating Pain: Intravenous Versus Subcutaneous


Patients with escalating pain resulting from disease progression generally require a rapid titration of opioid medication. This pain escalation must be distinguished from episodic or breakthrough pain. In patients with cancer, three principal categories of breakthrough pain have been identified: (1) spontaneous pain with no evident precipitating event; (2) incident pain, with an evident precipitating cause or event (e.g., pain with movement or a particular form of activity); and (3) end of dose failure, associated with a reduction in analgesic levels of regularly provided medications below the therapeutic level.6 The pharmacokinetics of opioids must also be considered when treating breakthrough pain. When patients need a rapid intervention, the intravenous route provides the best drug availability from a pharmacokinetics point of view. When comparing pain relief in the intravenous and oral groups, Elsner and colleagues7 found that 87% of the patients in the intravenous group reported at least sufficient pain relief after 1 hour, whereas only 26% in the oral group reached similar results after 1 hour. In the same study, they found that intravenous titration is more rapid than oral and subcutaneous titration. Boluses of intravenous and subcutaneous morphine were given every 5 minutes and 30 minutes, respectively. Titration stopped after patients in both groups achieved similar pain intensity, within a mean of 53 minutes for the intravenous group and 77 minutes for the subcutaneous group. The proportion of patients with 30% and 50% pain relief was higher in the intravenous group, despite this group having higher initial scores of pain intensity.


The transition from oral to intravenous opioid requires a stable means of intravenous access. In addition, intravenous delivery is a more costly intervention that requires closer supervision and monitoring, which nearly always necessitates a patient being brought to an inpatient setting. Despite these complexities, rapid control of escalating pain or breakthrough pain is most effectively accomplished using the parenteral route of opioid administration.


The subcutaneous route has many advantages over the intravenous route, principally ease of use, allowing administration of parenteral opioids in lower acuity care settings, such as hospices, nursing homes, or home care. Studies have demonstrated efficacy with both bolus injections and continuous infusion. Simple devices for single-bolus injections show results similar to those achieved with continuous administration.8 Separately, a gravity-dependent drip method of continuous drug delivery has been found to be a cost-effective, simple technique for ensuring adequate analgesia in resource-scarce environments.9 The gravity-dependent drip method can be safely administered only by the subcutaneous route for continuous drug delivery because the tissue limits the dose absorbed. A similar gravity-dependent drip administered intravenously may lead to overdose.


In addition, other studies have begun to evaluate the feasibility and efficacy of the subcutaneous route for the management of cancer pain. Cost analyses showed that subcutaneous infusion reduced costs by allowing home discharges or replacing intravenous infusion.9,10 The subcutaneous route is limited by the amount of fluid that can be delivered at one time. This limit is often set at about 5 mL per hour because most subcutaneous tissue cannot retain more without irritation or damage to surrounding connective tissues. Of note, methadone cannot be administrated subcutaneously because of adverse skin reactions.11


Unfortunately, few controlled studies have been conducted comparing the subcutaneous and intravenous routes. In a prospective crossover study of inpatients,12 continuous intravenous and subcutaneous morphine were found to be equianalgesic for most patients when administered as a continuous infusion, showing similar pain-control and adverse-effect profiles. However, patients who needed higher quantities of morphine to achieve adequate analgesia needed higher doses by the subcutaneous route compared to those patients receiving it by the intravenous route. Thus these patients needed higher volumes, suggesting that absorption of high doses may be lower when using the subcutaneous route. In another small study, an intravenous/subcutaneous/ oral conversion ratio of 1:2:3 was started by continuous infusion with a simple drip.9 Intravenous and subcutaneous routes provided similar analgesic effects, although the investigators found the intravenous route to be more potent. Finally, in a randomized clinical trial, subcutaneous morphine titration required more time and higher doses than intravenous titration in patients with exacerbation of cancer pain.7


Overall the intravenous route has advantages in higher acuity settings (Table 5-2), where it may be used for purposes other than pain management, such as providing artificial hydration or antibiotics or treatment for emergencies.13 Patients with cancer may already have a method of permanent venous access (e.g., implanted port for chemotherapy infusions), which allows for easy administration of intravenous pain medications.


Table 5-2 Advantages and Disadvantages of the Intravenous Route of Opioid Administration2






	Advantages

	Disadvantages






	



• Total drug availability and predictable effects










• Short onset of action for opioid titration and breakthrough pain










• Flexibility modalities: boluses, continuous infusion, patient-controlled analgesia










• Unlimited volumes (as opposed to subcutaneous)










• Useful for patients unable to take oral route or poor gastrointestinal absorption







	



• Need to maintain intravenous access










• Increased cost










• Increased complexity of management for caregivers










• Close supervision required










• Limited availability of sites for placement of the intravenous catheter (unless permanent access)




















Mucosal Route of Delivery: Rectal and Oral


Mucosal delivery routes primarily include the oral and rectal route. In general the rectal route is the choice of last resort given the potential patient discomfort and the fact that this may be a particularly upsetting route of delivery for family caregivers who have to administer the medications. However, when all other means of delivery are not feasible, rectal mucosal delivery offers an alternative. The rate and extent of rectal drug absorption are often lower than with oral absorption; this may be related to the comparatively small surface area available for drug uptake.14 In addition, the composition of the rectal formulation (solid versus liquid, nature of the suppository base) appears to affect the absorption process because the formulation determines the pattern of drug release. After the opioid is placed in the rectum, it enters systemic circulation through the lower rectal veins.


All opioids can be administered rectally; however, the commercial availability of these medications may vary by country. When not available in suppository form, medications can be compounded by pharmacies using immediate-release tablets in a gelatin capsule. Some authorized pharmacies can prepare suppositories in any strength.


Despite the complexities of administering medications rectally, this route offers distinct advantages over the oral route.15 The most significant advantage is that the mechanism of absorption is independent of the gastrointestinal tract.16 Patients with intractable nausea and vomiting, dysphagia, bowel obstruction, or malabsorption are candidates for this alternative route of administration. In addition, this method of delivery offers a substitute for patients who cannot tolerate injections because of bleeding disorders or generalized edema. The rectal route also provides an additional method of opioid delivery in care settings in which intravenous modes of delivery may not be available. Finally, despite family caregiver concerns about the rectal route, the biggest advantage is that unskilled caregivers can easily administer suppositories, even in very sick and frail patients.


In terms of disadvantages of the rectal route, considerable individual variability exists in absorption of rectally administered opioids. This requires careful titration based on individual patient response. Rates of rectal absorption depend on the preparation (differences relate to whether the opioid is dissolved in an aqueous or alcohol-based solution or given as a suppository), the pH of the solutions used, and the amount of feces in the rectum. The rectal route cannot be used in patients with diarrhea, hemorrhoids, anal fissures, or neutropenia, and it is not meant for long-term use. Suppositories can be uncomfortable for patients, and the potential for expulsion of the suppository by a bowel movement further complicates drug absorption. Many patients and caregivers may simply prefer to avoid the rectal route of delivery.


The oral mucosal route of delivery offers several advantages. The oral mucosa is highly permeable— 20 times more permeable than the skin—and is highly vascularized. Lipophilic, un-ionized compounds, such as fentanyl, pass through the cellular membranes easily, traveling rapidly through the oral mucosa into the bloodstream. Moreover, the oral cavity has a relatively uniform temperature and a large surface area, further optimizing this delivery route.17 Nevertheless, not all drugs are suitable for oral transmucosal administration17; in particular, lipophilic drugs are better absorbed than hydrophilic drugs.


Morphine is one of the most commonly used transmucosal opioids, despite evidence that it may not be as effective as other medications.18 It is poorly absorbed across the oral mucosa because of its low lipid solubility and extensive ionization at the pH level of the mouth. In one study of normal volunteers using sublingual absorption, morphine was only 18% bioavailable, whereas fentanyl was 51% bioavailable.19 Because clinicians are often not familiar with these data, they may believe that when patients do respond to sublingual morphine, it is because small amounts given sublingually are actually swallowed.


Unlike the pharmacokinetics of most opioids, the short-acting buccal fentanyl tablet20 (Fentora), offers an onset of pain relief as short as 15 minutes and duration of analgesic effect of approximately 60 minutes. Fentora is absorbed through the buccal mucosa and is 65% bioavailable, reaching blood levels 30% to 50% higher than those of the transmucosal lozenge (see later discussion). This formulation can be effective for management of breakthrough pain in patients who are already receiving opioids, or those who are opioid tolerant, which is defined as those taking the equivalent of at least 60 mg of oral morphine per day.


The oral transmucosal fentanyl citrate lozenge Actiq is another short-acting formulation of fentanyl. The lozenge must be gently rubbed against the buccal mucosa until it has completely dissolved; therefore more active participation is required to correctly use the lozenge.20,21 Of note, Fentora is not bioequivalent to Actiq and must not be prescribed on a microgram per microgram basis. This may make prescribing difficult, especially for the clinician inexperienced in the use of these formulations. Caution must be used when prescribing these medications because of their rapid onset of action and potential for respiratory depression. Furthermore, because the lozenge has a similar appearance to candy, it must be carefully safeguarded to avoid accidental ingestion by children. In addition, these short-acting formulations of fentanyl are expensive, particularly compared to other opioid preparations.









Transdermal Route of Administration


In the United States, the opioid most commonly used in a transdermal formulation is fentanyl. Compared with oral opioids, the advantages of transdermal fentanyl include a lower incidence of adverse effects (e.g., constipation, nausea and vomiting, and daytime drowsiness), a safety profile allowing it to be used in patients with renal or hepatic impairment, improved compliance resulting from administration every 72 hours, and decreased use of rescue medication (Table 5-3). It is also associated with a higher degree of patient satisfaction and improved quality of life. Transdermal fentanyl is a useful analgesic for cancer patients who are unable to swallow or have difficulty with absorption resulting from gastrointestinal problems.22


Table 5-3 Advantages and Disadvantages of Transdermal Fentanyl






	Advantages

	Disadvantages






	



• Long-acting route of administration and only change every 72 hours







• Fentanyl is opioid of choice in patients with renal or hepatic impairment







• Easy to use







• Useful in patients who cannot take oral medications







	



• Increased cost







• Delayed systemic absorption, unable to use for rapid titration







• Unpredictable absorption in cachectic, morbidly obese, or edematous patients







• Caution needed when using in febrile or diaphoretic patients













Transdermal fentanyl patches produce sustained blood concentrations similar to those of continuous intravenous infusion.23 The fentanyl patch has a membrane that limits the rate of absorption by a process of passive cutaneous diffusion.24 The drug forms a depot within the skin before entering microcirculation, resulting in delayed pharmacokinetics.25 This explains why therapeutic blood levels are attained 12 to 16 hours after initial patch application and why blood levels decrease slowly over 16 to 22 hours after removal.26,27 As a result of this delayed systemic absorption on application and removal, medication for patients with chronic pain should be titrated to achieve adequate relief with short-acting oral or parenteral opioids before the initiation of transdermal fentanyl. In other words, these patches cannot be used for rapid titration of opioids and this route of administration is not recommended for the treatment of patients with acute, unstable pain syndromes. Instead, transdermal fentanyl should be initiated based on the 24-hour opioid requirement once adequate analgesia has been achieved. During this process, intravenous fentanyl for titration may offer an advantage over other opioids, by avoiding concerns relating to incomplete cross-tolerance because the same opioid is administered intravenously and transdermally.


Transdermal fentanyl may be contraindicated in patients who are cachectic, who are morbidly obese, or who have significant subcutaneous edema because of the mechanism of the cutaneous depot absorption system. Febrile patients should not use transdermal fentanyl, because higher body temperatures may increase the rate of absorption. A pharmacokinetics model28 suggests that fentanyl blood levels may rise by approximately 33% when body temperature rises to 40° C (104° F) because of a temperature-dependent increase in fentanyl release or changes in the permeability of the membrane as temperature rises. Similarly, this route of administration should be avoided in patients who are particularly diaphoretic as a result of unpredictable absorption and difficulty with the patches adhering to the skin.


The prolonged elimination of transdermal fentanyl can become problematic if patients develop opioid-related adverse effects, especially hypoventilation. Adverse effects do not improve immediately after patch removal and may take many hours to resolve. Patients who experience opioid-related toxicity associated with respiratory depression should be treated immediately with an opioid antagonist such as naloxone and closely monitored for at least 24 hours. Because of the short half-life of naloxone, sequential doses or a continuous infusion of the opioid antagonist may be necessary. For these reasons, transdermal fentanyl should be administered cautiously to patients with preexisting conditions such as emphysema that may predispose them to the development of hypoventilation. Transdermal fentanyl is indicated only for patients who require continuous opioid administration for the treatment of chronic pain that cannot be managed with other medications. Likewise, it is contraindicated in the management of acute postoperative pain, because pain may decrease more rapidly in these circumstances than fentanyl blood levels can be adjusted, leading to the development of life-threatening hypoventilation.22












Key messages to patients and families


Each route of administration has advantages and disadvantages. The most important factor is choosing a route based on the specific clinical circumstances of the patient. Numerous factors related to the patient and the care setting must be considered in this decision, to ensure that medication administration can be accomplished successfully and as conveniently as possible for the patient and the family. By working together with clinicians, the appropriate and most effective route of administration can be selected.









Conclusion and summary


The primary principles guiding selection of the appropriate route of administration for a specific patient are patient-specific, including comorbidities, ability to use gastrointestinal tract or swallow, ability to absorb medication using different routes of administration, and nature of the pain syndrome. In addition, each route has disadvantages and challenges that must be considered when choosing feasible options based on care settings and available resources.





Summary Recommendations







• The oral route of administration should be used when an effective and stable dose has been achieved.29


• The intravenous (parenteral) route of administration should be used for rapid titration for escalating and breakthrough pain.2,28


• The subcutaneous route may be a simple, safe, effective, and less expensive parenteral means of opioid administration in select patients.7,9,10,30


• Transdermal fentanyl patches are effective for chronic pain regimens and well tolerated; however, these patches cannot be used for titration of opioids and should be used only once a stable dose has been achieved by oral or intravenous administration.29


• Mucosal routes of administration can provide an alternative for patients unable to use the gastrointestinal tract, although sublingual morphine has limited efficacy.5,18
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Introduction and scope of the problem


Most clinicians have experience treating patients with pain who have multiple chronic diseases, many of which may result in renal impairment or renal failure. The cause of pain in patients with a disease primarily of renal origin may be less well understood, despite the fact that many these patients have chronic pain syndromes. More specifically, 37% to 50% of patients on hemodialysis experience chronic pain, with moderate to severe pain in 82%.1–3 Patients with end-stage renal disease (ESRD) evaluated using a modified version of the Edmonton Symptom Assessment System reported symptoms similar in number and severity to those reported by patients with cancer hospitalized in palliative care settings. Prevalence of pain in patients with renal disease (regardless of cause) persists; even in the last day of life, pain is present in 42% of patients who have stopped dialysis.4,5 This high prevalence is complicated by the fact that renal failure affects the pharmacokinetics of many drugs, thus limiting the number of treatments available for these patients.


Pain in patients in renal failure may result from numerous causes and is often multifactorial. It may be the result of comorbidities, such as diabetes and vascular disease, with painful sequelae such as ischemic limbs and peripheral neuropathies. Musculoskeletal pain from arthritis in elderly patients with ESRD is one of the most common causes of chronic pain in this patient population. Pain may be a result of the primary renal disease itself (e.g., polycystic kidney disease) or related to the management of the renal failure. Central venous access systems may result in infections that can be painful and subsequent osteomyelitis. Discitis may develop in patients with arteriovenous fistulas, possibly resulting in painful ischemic neuropathies. Recurrent pain from the dialysis itself (e.g., the use of needles to access grafts) and associated muscle cramps and headaches may be perceived as chronic pain by some patients.6 Numerous painful syndromes that can develop during a patient’s time on dialysis are unique to ESRD, such as calciphylaxis, nephrogenic sclerosing fibrosis, dialysis-related amyloidosis, and renal osteodystrophy. Despite these multiple sources of pain and data demonstrating that the vast majority of patients with renal disease experience moderate or severe pain, one study demonstrated that 35% of patients on hemodialysis with chronic pain were not prescribed analgesics and less than 10% were prescribed strong opioids.7


Pain management is complicated by altered pharmacokinetics and pharmacodynamics of opioids in patients with renal failure. Other barriers also make pain management in this group particularly challenging; for example, (1) patients with renal disease often have multiple, complex comorbid conditions predisposing them to polypharmacy; (2) renal patients are usually older, which puts them at a higher risk for opioid toxicity and side effects; and (3) clinicians often have difficulties differentiating between opioid side effects and uremic symptoms, which may result in inappropriate withdrawal of opioid treatment.8









Relevant pathophysiology


Regardless of the cause of renal failure, the effect of decreased kidney function may result in variable metabolism of medications and the presence of pharmacologically active metabolites must be considered when prescribing opioids for patients with renal impairment. Palliative care providers need a basic understanding of opioid metabolism to determine which opioids are safest and most effective for patients with renal failure.


Renal impairment or failure affects various aspects of metabolism, including alterations in (1) absorption—resulting from reduced gastric emptying; (2) distribution—from either a decrease in plasma protein-binding resulting from hypoalbuminemia and competitive binding with endogenous substances or an increased volume of distribution caused by volume overload; (3) metabolism—with changes in hepatic drug-metabolizing enzymes; and (4) elimination—resulting from decreases in glomerular filtration, tubular secretion, and reabsorption.9 The rate of elimination of any drug is proportional to the glomerular filtration rate (GFR).


All opioids are metabolized by the liver to some extent and then excreted by the kidneys. Because opioids are weak organic bases, changes in the urine pH can alter tubular handling and affect the relationship between GFR and renal elimination.10 Both the choice and dosage of the opioid must be carefully considered in patients with renal failure, with special attention to accumulation of active and toxic metabolites.






Renal Impairment


The following section reviews the pharmacokinetics and pharmacodynamics of each opiate to discuss the safest and most effective opioids in patients with renal impairment.






Morphine


Of all of the opioids, the metabolism of morphine is the most studied. In patients with normal renal function, it is metabolized in the liver to morphine-3-glucuronide (M3G) (55%), morphine-6-glucuronide (M6G) (10%), and normorphine (4%), all of which are excreted by the kidney, along with about 10% of the parent compound.11,12 Studies have shown that the renal clearance of both morphine and M6G is greater than the creatinine clearance, implying that they are actively secreted by the kidney. Morphine clearance in renal failure is not significantly different from clearance with normal kidney function, but because glucuronide metabolites are renally excreted11 they will accumulate in renal failure.13


The potential accumulation of M6G in patients with reduced renal function has clinical implications.14 Studies have demonstrated that M6G possesses analgesic effects and depressive effects on the central nervous system, so accumulation in patients with renal disease can result in myoclonus, seizures, and prolonged and profound sedation and respiratory depression.8 M6G crosses the blood–brain barrier slowly, but once in the central nervous system its effects can be prolonged because it reequilibrates back into the systemic circulation very slowly.15 This may result in central nervous system effects persisting for some time after discontinuing morphine or dialyzing to remove the M6G because of central nervous system accumulation.15 The effects of M3G are less clear; however, it is thought to have a low affinity for opioid receptors and has no analgesic activity, although it may antagonize the analgesic effects of both morphine and M6G.16–18









Hydromorphone


Like morphine, hydromorphone, a hydrogenated ketone of morphine, is metabolized by the liver to hydromorphone-3-glucuronide (H3G) and its conjugates.19 All metabolites of hydromorphone are renally excreted. H3G and a small amount of free hydromorphone accumulate in renal failure. Although H3G reportedly has no analgesic activity, it may have a neuroexcitatory effect with accumulation.20–22 One study investigated hydromorphone pharmacokinetics in volunteers with normal renal function and varying degrees of renal failure. They found that the area under the curve for plasma concentration/time plot increased in a ratio of 1:2:4 for patients with normal renal function, moderate renal failure (creatinine clearance 40-60 mL/min), and severe renal failure (creatinine clearance <30 mL/min), respectively.23 In a retrospective study, Lee and associates24 found no significant differences in dose requirements between patients with normal renal function and those with end-stage renal failure when switched from morphine to hydromorphone and adverse effects improved.24









Oxycodone


Less is understood about the use of oxycodone in patients with renal failure. Oxycodone undergoes hepatic metabolism principally to oxymorphone and noroxycodone.25 It is not clear how much of the remaining metabolites exist. The only active metabolite of oxycodone is oxymorphone. In patients with uremia, the elimination half-life of oxycodone is lengthened and the excretion of metabolites is severely impaired. Although oxymorphone does not have a significant pharmacodynamic effect in patients with normal renal function, it is unclear clear how it may affect patients with renal impairment.26,27 Anecdotal reports suggest oxycodone should be used at reduced doses and increased dosing intervals in this patient population.









Codeine


Codeine is metabolized to codeine-6-glucuronide (81%), norcodeine (2.16%), morphine (0.56%), M3G (2.10%), M6G (0.80%), and normorphine (2.44%). Both codeine and codeine-6-glucuronide are excreted renally.28 Because codeine and morphine have common metabolites, potential central nervous system affects are a concern. A study by Matzke and colleagues29 reported significant narcolepsy in three patients with renal failure who were given codeine.









Methadone


Unlike the other opioids, methadone is a synthetic drug. It has both mu-delta opioid agonist activity and N-methyl-d-aspartate (NMDA) receptor antagonism. It is metabolized in the liver into pharmacologically inactive metabolites, with excretion of 10% to 45% in the feces and approximately 20% to 50% in urine as methadone or its metabolites.30,31 Case studies reported that one oliguric patient excreted 15% of the daily dose in the feces, of which 3% was unchanged methadone, and an anuric patient excreted most of the dose in the feces, again with 3% as unchanged methadone. Methadone is believed to be safe to use in patients with renal disease.31









Fentanyl


Fentanyl is a potent, short-acting synthetic opioid with a short half-life of 1.5 to 6 hours. It is metabolized in the liver primarily to norfentanyl (>99%), with smaller amounts of despropionylfentanyl and hydroxyfentanyl. However, no evidence exists that these metabolites are active or toxic.32 Multiple studies have demonstrated that in patients with renal failure, fentanyl is safe to use, provides good pain control, and has no adverse effects. Although some studies suggest that no dosage adjustment of fentanyl is required for patients with renal failure,33 others suggest that fentanyl clearance is reduced in patients with moderate to severe uremia, which could result in respiratory depression from gradual drug accumulation.34,35












Dialysis


The role of dialysis in the clearance of drugs and their metabolites is complex. Removal of any drug or drug metabolites from the blood by dialysis depends on multiple factors, including the molecular weight of the compound, its solubility, its volume of distribution, the degree to which the drug binds to proteins, and the degree to which it is cleared by nonrenal mechanisms. Drugs or metabolites with a lower molecular weight are more likely to pass through a dialysis filter as free molecules. Drugs or metabolites with greater protein-binding are less likely to be removed by the filter. Molecules with greater water-solubility are more likely to be removed, whereas molecules with a larger volume of distribution are less likely to be removed by unit of time.10,35


Additional factors related to the mechanisms of dialysis affect clearance of drugs and their metabolites. The flow rates of the dialysis solution and the patient’s blood affect drug removal, influenced by the surface area, pore size, and characteristics of the filter itself. Other dialysis techniques, including continuous renal replacement therapy, the use of more permeable dialysis membranes, and high blood and dialysis flow rates also can affect drug removal. The more efficient dialysis techniques can remove the drug from plasma more effectively (i.e., more rapidly) than the transfer of drug from other tissues, so that after dialysis there can be a “rebound” effect as plasma levels of the active drug rise again.


Unlike hemodialysis, peritoneal dialysis relies on the peritoneum as the filter. The pore size is fixed and the flow rate determined by the volume and frequency of exchanges; thus more frequent exchanges result in more drug removed.10









Dialysis and Opioids






Morphine


In patients with uremia, morphine’s already low protein-binding is further reduced and its moderate water-solubility increases the likelihood of the drug being removed by dialysis.36 The slower the flow rate of dialysis, the less morphine that is removed; therefore high-efficiency dialysis techniques are more likely to remove morphine.37 Although dialysis does remove M6G (the active morphine metabolite), its slow diffusion out of the central nervous system may mean that patients with reduced consciousness resulting from the presence of the metabolite may not immediately improve with dialysis.15 A study of peritoneal dialysis and morphine determined that approximately 12% of morphine and its glucuronide metabolites are removed with each peritoneal dialysis exchange.38 These results suggest that the glucuronide metabolites would accumulate with chronic dosing of morphine.









Hydromorphone


Similar to morphine, hydromorphone also has high water-solubility; in addition, it has a low volume of distribution and a low molecular weight. These characteristics suggest that hydromorphone is dialyzable.39 It does not accumulate in patients on hemodialysis because it is rapidly converted to H3G. Therefore it is H3G that accumulates between hemodialysis sessions, but it is effectively removed by dialysis.8 As a result, hydromorphone is safe and effective for use in patients on dialysis, although careful monitoring must be continued.









Oxycodone


Unlike hydromorphone, oxycodone has a greater volume of distribution; the drug is almost 50% protein-bound and is highly water-soluble. No data are available on oxycodone and dialysis, but pharmacodynamics characteristics suggest it is probably dialyzable.10









Codeine


Unlike hydromorphone and oxycodone, codeine does not seem to be safe in patients on dialysis. Two of the six patients on dialysis enrolled in a single-dose study of codeine had severe adverse reactions, suggesting that toxic drug accumulation would occur with repeat dosing. This limited evidence suggests that codeine should be avoided in patients on dialysis.40









Methadone


Unlike hydromorphone, methadone has high protein-binding and a high volume of distribution, which would suggest it is not well removed by dialysis. However, methadone’s moderate water-solubility and low molecular weight make it potentially dialyzable.41 The more water-soluble metabolite of methadone is readily removed, but this does not have clinical significance because this metabolite is inactive.









Fentanyl


Fentanyl’s high protein-binding, low water-solubility, high volume of distribution, and moderately high molecular weight suggest it is not likely to be dialyzed. Limited data support this assumption, however.36















Summary of evidence regarding treatment recommendations


The degree of renal failure (based on GFR calculations) is an important determinant in selection of appropriate opioid therapy for individual patients. In addition, better data are needed on how dialysis affects opioids. These elements make determining the best medication to use in patients with renal failure difficult. Likewise, it is unclear how treatment recommendations should change for those who develop renal failure while on opioids compared to patients with renal failure who need opioids for pain management. The scarce evidence on the signs and symptoms of opioid overdose in patients with renal impairment compared to patients with normal renal function makes providing treatment recommendations more complicated. More research is needed to determine how to best use opioids other than morphine for patients with renal impairment or on dialysis.






Recommendations






Renal Impairment


In spite of the limitations discussed previously, the literature indicates that morphine should be avoided because of the potential adverse effects of its metabolites. The data are clear that codeine should not be used because active metabolites accumulate in renal failure and are associated with reports of serious adverse effects.29 Oxycodone should be used with caution because free oxymorphone, the active metabolite of oxycodone, can accumulate in renal failure and potentially cause toxic and central nervous system–depressant effects in this patient population.


Hydromorphone is thought to be safer for use in patients in renal failure, although the H3G metabolite is neuroexcitatory and can accumulate in renal failure. Methadone appears safe because the metabolites are inactive and both methadone and its metabolites are excreted in the gut. Nevertheless, these data are very limited and may not reflect patient variability.31 Precautions must be used when prescribing methadone because of its extremely long half-life and complex pharmacokinetics. Some recommend using a dose reduction of methadone for patients with severe renal failure. Fentanyl is also considered safe based on clinical experience. However, some evidence suggests that the parent drug may accumulate in renal failure; therefore its long-term use in patients in renal failure must be carefully monitored.









Dialysis


As discussed earlier, various aspects of dialysis may alter the safety profile of opioid use. Although morphine and the metabolites can be removed by dialysis, they may not be cleared entirely during a dialysis session, leaving a potential reservoir of morphine and metabolites in the central nervous system. This potentially can result in a rebound effect as the medication diffuses out of the central nervous system. Metabolites can accumulate between dialysis sessions; therefore careful dose monitoring is required both during and after dialysis. Given that safer alternatives are available, morphine should be avoided in patients on dialysis.10 Similarly, codeine should not be used because its metabolites accumulate and have had serious adverse effects in patients on dialysis.40 Unfortunately, no evidence exists about the effect of dialysis on oxycodone and its metabolites; therefore some have suggested avoiding its use in patients on dialysis.


Hydromorphone is a viable option but should be used with caution. The parent drug can be partially removed by dialysis. However, it is not clear whether its metabolites are cleared with dialysis and accumulation of these metabolites presents a risk. Methadone can be another option for patients on dialysis because its metabolites are inactive and the parent drug is not metabolized. As noted earlier, precautions must be used with methadone given its long half-life.31 Fentanyl also appears safe for use in the short term for patients on dialysis because its metabolites are inactive. Although concern exists that the parent drug may accumulate in renal failure, no evidence has been reported of its clinical significance. Fentanyl is not dialyzed, so no dose adjustment is necessary. However, fentanyl may adsorb onto the CT 190 dialyzer membrane filter42; therefore, if the CT 190 filter used for a patient cannot be changed, rotation to methadone is recommended.


In summary, methadone and fentanyl appear to be the safest opioids because they are not dialyzed. Nevertheless, caution must be used in titrating opioids in patients with renal disease and these patients must be monitored closely.















Key messages to patients and families


Pain management is a critical aspect of care for patients with renal impairment or on dialysis. Nevertheless, a limited body of evidence exists to help guide safe and effective opioid choice for this group of patients. In spite of these limitations, some suggested guidelines for opioids selection are available. All opioids should be used with caution and with close monitoring (Table 6-1). Fentanyl and methadone are thought to be the safest opioids for pain management in this patient population. Hydromorphone and oxycodone are to be used with caution. Morphine and codeine are to be avoided. Patients and families should understand that as a patient’s renal disease worsens, rotation to safer and more predictable opioid alternatives may be necessary.


Table 6-1 Opioids in Renal Failure






	Preferred

	Consider

	Avoid






	Methadone

	Hydromorphone

	Morphine






	Fentanyl

	Oxycodone

	Codeine














Conclusion and summary


As with all patient populations, the management of pain should be approached in a stepwise manner. By applying the principles behind the World Health Organization’s pain ladder to patients with renal impairment or failure, management of pain can be accomplished both safely and effectively8 (Table 6-2). Given the evidence on metabolism of morphine in patients in renal failure, experts recommend that morphine should be avoided in patients in severe renal failure (GFR <30 mL/min).10,35,43 In settings in which alternative opioids may not be available, most experts recommend that morphine be given as a single dose to relieve pain until alternative opioids are available. Although anecdotal evidence supports oxycodone as safer than morphine for use in patients in renal failure, oxycodone is recommended only if alternative opioids are not available. Like oxycodone, hydromorphone lacks sufficient evidence to support its use in patients in renal failure, and thus no clear conclusions can be made on its safety and effectiveness in this patient population.




Table 6-2 Pain Management for Patients With Renal Failure


[image: image]




Methadone may be an effective analgesic for use in patients with renal impairment if carefully monitored, although extensive pharmacokinetic and pharmacodynamics are not yet available. Limited evidence supports the use of continuous fentanyl for patients with renal failure. Experts do suggest that, based on its inactive and nontoxic metabolites, fentanyl is safe to use in the last days of life for a patient with advanced chronic kidney disease. The potential for accumulation of the parent drug and an increase in half-life may occur if fentanyl is given as a continuous infusion, and therefore patients should be monitored for signs of opioid toxicity.25





Summary Recommendations







• The absorption effect of morphine is unknown. Morphine is glucuronidated to M3G and M6G. Accumulation of M6G leads to increased central nervous system distribution. Morphine is excreted, with accumulation of metabolites. Morphine use should be avoided in renal failure.


• The absorption effect, distribution, and metabolism of codeine are unknown, and it has reduced excretion. Codeine should be avoided in renal failure.


• The absorption effect and distribution of hydromorphone are unknown. No metabolism effects occur, and glucuronidation is preserved. H3G accumulates, possibly resulting in neurotoxicity. Hydromorphone is preferred over morphine because H3G is less neurotoxic than M3G, and patients should be monitored closely.


• The absorption effect, distribution, and metabolism of oxycodone are unknown. Excretion of metabolites is severely metabolized. The metabolites are thought to be less neurotoxic than those of morphine and hydromorphone.


• The absorption effect, distribution, and metabolism of methadone are unknown. Biliary excretion increases as renal excretion decreases. Methadone appears to be safe in renal failure, and no dose recommendations are necessary.


• The absorption effect, distribution, and metabolism of fentanyl are unknown. Case reports suggest that the parent drug may accumulate in the setting of severe renal failure. Fentanyl use appears to be safe in patients with renal failure.


• The absorption effect, distribution, and metabolism of tramadol are unknown. Tramadol and its active metabolites do accumulate. Renal adjustment is required to prevent adverse effects.
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Introduction and scope of the problem


Methadone is a unique synthetic opioid agonist with delta receptor affinity, N-methyl-d-aspartate (NMDA) receptor antagonism and monoamine reuptake inhibition. These unique properties make it the opioid of choice for patients with more complex pain syndromes, particularly those with neuropathic pain syndromes. This combination of opioid agonism and NMDA receptor antagonism creates a drug profile that provides effective analgesia with minimal side effects. These benefits have made methadone an increasingly popular second-line opioid for patients whose pain is poorly responsive to other opioids or who develop dose-limiting side effects.1


Despite the increasing recognition of the benefits of this medication, methadone is not widely used as a first-line opioid. Its pharmacokinetics and pharmacodynamics, specifically, its multiple drug interactions, long half-life, and highly variable dose conversion from other opioids, limit its use in pain management. Nevertheless, methadone has numerous benefits compared to other opioid medications, including multiple routes for administration, low cost, long half-life, and favorable safety profile for patients with renal failure and those with morphine allergy. Although true of all medications, balancing the risk/benefit ratio is especially important in choosing methadone because of both the potential for serious side-effects and its multiple advantageous properties. These considerations are discussed in detail in Chapter 8. The focus of this chapter is guidelines for safely initiating methadone in opioid-naïve and opioid-tolerant patients. Because of the complexities in using this medication, it is always best for the novice to perform conversions under the guidance of an expert in the use of methadone.









Relevant pathophysiology


In terms of basic pharmacological principles, the oral bioavailability of methadone is estimated at 80%.2 Significant variations in methadone’s pharmacokinetics exist among individuals, with no clear correlation between methadone plasma levels and analgesic effect.3


Methadone’s onset of action is similar to that of other opioids—approximately 30 to 60 minutes. At the onset of methadone titration, the duration of analgesia is 4 to 6 hours, again similar to that of other opioids.4 However, unlike other opioids, the duration of analgesia with long-term dosing may be 8 to 12 hours or longer, with time to peak effect of about 2.5 hours. Because of its longer half-life, steady state will not be reached for several days; for those patients in whom methadone’s half-life is closer to 10 days, methadone will not achieve steady state for weeks. Given this variability during the initial titration period, patients are at increased risk for drug accumulation. The concentration of methadone in the blood can rise above the effective analgesic level during this prolonged period before steady state.


Therefore the interval of greatest risk after initiating therapy is days 3 to 5. By initiating therapy with lower doses and longer dosing intervals, there is less risk for accumulation-related side effects, such as excessive sedation and respiratory depression. Typically, when using methadone for analgesia, the dosing is three times per day, although some clinicians have administered it twice daily or four times daily. Once methadone is started, studies have shown that less dose escalation is required compared to that of other opioids.5


Because of methadone’s unpredictable pharmacodynamics, it is not recommended for use in acute pain management. However, given its long half-life, it is an excellent medication for patients with chronic pain. It can be also be an effective first-line opioid for management of complex pain syndromes in carefully selected patients given that it has advantages over other opioid analgesics, such as acting at multiple receptor sites simultaneously. Still, limited prospective evidence exists for methadone as a first-line opioid for cancer pain management.


The remainder of this chapter focuses on the rotation of other opioids to methadone. Evidence and guidelines are lacking to help clinicians with conversion of methadone back to the other opioids. This is due in part to the additional pain relieving properties of methadone, including its effect on serotonin and NMDA receptors. Clinicians should rely on individuals with expertise to help them with conversions from methadone to other opioids.









Summary of evidence and treatment recommendations






Opioid-Naïve Patients


Although methadone is more commonly started after ineffective pain relief with other opioids, in some instances methadone is initiated in opioid-naïve patients. For example, patients with renal failure, morphine allergy, or a need for long-acting pain medication can benefit from methadone as a first-line opioid. This must be done with caution and only in carefully selected patients. Although limited evidence exists on initiation of methadone in this population, practitioners generally recommend starting at a low dose and titrating slowly. One retrospective study demonstrated the safe use of methadone doses starting at 3 mg every 8 hours for opioid-naive patients.6 Another double-blind study randomly assigned opioid-naïve patients to receive either an oral methadone regimen of 7.5 mg every 12 hours, with 5 mg every 4 hours as needed for breakthrough pain, or slow-release morphine 15 mg every 12 hours, with immediate-release morphine every 4 hours as needed for breakthrough pain.7 No differences in pain or toxicity were noted at 4 weeks; however, in the methadone group more patients dropped out because of sedation or nausea. Methadone therapy can be initiated with small, fixed doses of 2.5 mg or 5 mg every 12 hours, along with a medication for breakthrough pain. The breakthrough medication may be a different opioid or a smaller dose of methadone prescribed every 3 hours as needed3 (Table 7-1). Escalation of the methadone dose is stopped once the patient achieves adequate analgesia.


Table 7-1 Safe and Effective Starting Doses of Methadone for Opioid-Naïve Patients






	Week

	Dose

	Total Dose/Day (mg)






	1

	2.5 mg PO bid

	 5






	2

	5 mg PO bid

	10






	3

	7.5 mg PO bid

	15






	4

	10 mg PO bid

	20






	5

	10 mg PO tid

	30






	6

	20 mg PO bid
(or 10 mg PO qid)

	40







An alternative recommended regimen for starting methadone is 5 mg every 6 to 12 hours, with titration every 3 to 5 days until analgesia is adequate. When steady state is achieved, switch to a dosing schedule of every 8 to 12 hours. For breakthrough pain, methadone or a short-acting opioid may be used, calculated as 10% to 15% of the total 24-hour dose every 2 hours as needed.


Clinicians must carefully titrate methadone in opioid-naïve patients. Because of its long half-life, plasma levels of methadone may take up to 10 days to stabilize.8 Therefore, during the titration phase, clinicians must balance inadequate analgesia because of insufficient dosing with systemic toxicity resulting from excessive dose.9 In addition, patients should be warned of methadone’s slow onset of action and informed that they should anticipate a gradual improvement in analgesia over time. Methadone doses cannot be titrated frequently even if a patient is not receiving adequate pain relief on the current dose because methadone may take days to reach a steady state. Similarly, if a patient develops the side effect of somnolence and is willing to tolerate this side effect for a few days, the dose can be continued to see if the patient becomes tolerant to this side effect without decreasing the dose. For patients who have inadequate pain relief without significant side effects, the dose can be increased slowly. For patients who report that the pain relief is effective, but not lasting 12 hours, the dose frequency can be increased. Finally, for those patients who do not receive some relief despite dose adjustments or increases, other treatment modalities must be considered, including a slow taper of methadone.9









Opioid-Tolerant Patients


The adverse effects of other opioids or poorly controlled pain in spite of appropriate titration typically drive clinicians to provide a trial of methadone. Rotating from one opioid to methadone can be a complex endeavor given the lack of clear evidence about opioid conversion. Although equianalgesic ratios have been published, the majority of the equianalgesic conversion tables from morphine to methadone are based on clinical experience.10,11 These ratios can underestimate the potency of methadone with repeated doses. Complicating matters further, patients treated previously with high doses of other opioids sometimes paradoxically require less methadone than expected.12 In addition, large interpatient variability may exist with the equianalgesic conversion ratio, such that a single ratio may not apply to all patients. Particular caution should be used in the case of patients on high but ineffective doses of another opioid; this situation may result in overestimation of the equivalent methadone dose.


When performing opioid rotations, it is necessary to both calculate the initial dose and consider patient characteristics such as age; cognitive, renal, and liver dysfunction; and cardiac and pulmonary comorbidities. For these reasons, conversion to methadone must be done with caution and close monitoring.









Oral Dosing for Opioid-Tolerant Patients


Rotation from oral morphine to oral methadone can be accomplished in several ways. Most conversions recommend that for patients on lower doses of morphine, in the range of a daily dose of 30 to 90 mg of oral morphine, the ratio of morphine to methadone should be 4:1. For example, a patient receiving a daily dose of 60 mg of oral morphine should be started on approximately 15 mg of methadone daily. In contrast, in patients on higher doses of morphine, the ratio is 12:1 or greater, such that a patient receiving 400 mg of morphine in a 24-hour period should be started on approximately 35 mg of methadone per day. However, various methadone conversion charts have been developed to account for the variation (Table 7-2). Given the risk for drug accumulation with the long half-life of methadone, the Ayorinde13 conversion table may be the safest when rotating from other opioids to methadone.


Table 7-2 Equianalgesic Tables for Rotating to Methadone for Opioid-Exposed Patients






	Fisch Method21







	OME (mg/day)

	Conversion Ratio
(Oral Morphine/Oral Methadone)






	  <30

	 2:1






	 30-99

	 4:1






	100-299

	 8:1






	300-499

	12:1






	500-999

	15:1






	 ≥1000

	
≥20:1











	Mercadante Method20







	OME (mg/day)

	Initial Equianalgesic Dose Ratio
(Oral Morphine/Oral Methadone)






	 <90

	 4:1






	90-300

	 8:1






	 >300

	12:1











	Ayonrinde Method13







	OME (mg/day)

	Initial Equianalgesic Dose Ratio
(Oral Morphine/Oral Methadone)






	  <100

	 3:1






	 101-300

	 5:1






	 301-600

	10:1






	 601-800

	12:1






	801-1000

	15:1






	 >1000

	20:1







Data from References 13, 20, and 21.OME, Oral methadone equivalent.


Several approaches are used to rotate from other opioids to methadone. The two primary approaches covered in this chapter are (1) stopping the other opioid completely before initiating therapy with methadone and (2) tapering off the other opioid while gradually increasing the methadone dose over the course of a few days.


A method initially published by Morley and colleagues in 199314 and later revised to the Morley and Makin approach15 involves a protocol of a calculated fixed dose of methadone and the discontinuation of the prior opioid. In this approach, the previous opioid is stopped before the methadone is started, without tapering. For this reason it is often referred to as the “stop and go” methadone conversion regimen. In this scenario, one way to calculate the methadone dose is to use a methadone conversion table. Another way to calculate the fixed dose is to either (1) use a fixed dose of one tenth of the calculated 24-hour oral morphine dose when that dose is less than 300 mg of morphine or (2) when the 24-hour oral morphine dose is greater than 300 mg, the methadone dose should be fixed at 30 mg. Regardless of how the fixed dose is calculated, it should be taken orally as needed and not more frequently than every 3 hours because of the risk for tissue accumulation of the drug. Morley and Makin note that methadone requirements usually drop during days 2 to 3 and typically reach steady state on days 4 to 5. Then, on day 6, the amount of methadone taken over the previous 48 hours is calculated and one quarter of this total dose is given in an every-12-hour regimen; this becomes the final stable dose. When the twice-daily steady dose is reached, further adjustments can be made by incrementally increasing the twice-daily dosage by 50% as needed over time. Morley and Makin15 recommend that the initial use of a fixed ceiling dose of methadone not exceed 30 mg, in combination with as-needed dosing, to prevent the complications of drug accumulation.


Because the conversion is complex and nuanced, what follows is a more concise summary of the stop and go method. First, calculate the methadone dose. If the morphine daily dose is less than 300 mg, calculate the methadone dose to be approximately one tenth of the morphine dose. If the morphine total daily dose is greater than 300, the methadone dose is capped at 30 mg. (In other words, the maximum daily dose of methadone is 30 mg by mouth every 3 hours, or 240 mg in a 24-hour period.) Next, on the first day of the conversion, stop previous opioid therapy and give methadone (as calculated earlier) every 3 to 4 hours as needed (not around the clock) for the initial 3 to 5 days. On day 6, divide the total daily dose over the last 48 hours by 4 and give this new fixed dose every 12 hours.


An alternative method is the slower rotation (“reduce and replace”) approach, which involves slowly adding methadone while tapering the initial opioid. This approach allows gradual titration of the long-acting methadone and therefore minimizes the risk for toxicity from drug accumulation. With this approach to converting to methadone, the 24-hour methadone dose is first calculated based on the 24-hour oral morphine equivalent using the Ayorinde13 methadone conversion table (see Table 7-2). On day 1, the total daily dose of morphine is decreased by approximately one third and one third of the total calculated target dose of methadone is started. On day 2, the total daily dose of morphine is decreased by another one third and methadone increased to two thirds of the total target dose. On day 3, morphine is discontinued and methadone increased to 100% of the total calculated target dose.


For example, consider a patient with persistent cancer-related pain despite escalating doses of opioids, for whom the clinical team has made the decision to convert to methadone. The patient is taking oxycodone CR 360 mg with oxycodone IR 160 mg in a 24-hour period—a total of 520 mg per day of oxycodone or an oral morphine equivalent of 780 mg per day. Using the Ayorinde methadone conversion (see Table 7-2), the conversion ratio is 12:1 of oral morphine to methadone because this patient is taking between 600 and 800 oral morphine equivalents per day. This converts to the patient being started on about 66 mg of methadone in a 24-hour period. Next, use the stepwise dosing approach to initiate the reduce and replace method. On day 1, the oxycodone dose would be decreased by one third to approximately 340 mg of oxycodone while adding one third of the target methadone dose (about 22 mg of methadone per day or 8 mg of methadone by mouth every 8 hours). On day 2, the oxycodone dose would be reduced by two thirds of the original dose to approximately 160 mg per day while the methadone dose is increased to two thirds of the target dose (44 mg in 24-hour period or approximately 15 mg by mouth every 8 hours.) Finally, on day 3, the standing oxycodone is discontinued and the full target methadone dose is given (66 mg of methadone as the 24-hour dose or 22 mg by mouth every 8 hours.) On day 4, the as-needed dose of oxycodone could be discontinued and methadone started for breakthrough pain at 10% of the total daily methadone dose (6 mg every 3 hours as needed). By day 4, most patients would reach steady state of methadone. After the calculations are completed, the actual dosing of the medication should be adjusted based on available formulations. For example, 20 mg of methadone every 8 hours will be easier to administer than 22 mg every 8 hours. Similarly, an oral methadone dose of 5 mg for breakthrough pain is easier to administer than a 6-mg dose.


Although many clinicians use variations of the Morley and Makin15 (stop and go) approach for the conversion to methadone, the gradual transition to methadone allowed by the reduce and replace method is probably a safer approach for clinicians not familiar with methadone. In addition, it may be more reliable in patients who do not understand the concept of taking the medication only as needed or who cannot reliably report pain. Continuation of the short-acting opioid in the stepwise reduce and replace method may also allow for better pain control while the methadone reaches steady state.









Intravenous Dosing of Methadone


Parenteral methadone can be used in patients with pain that is particularly difficult to manage; however, expert consultation is highly recommended because of the complexities in using methadone in this manner. Patient factors for considering use of intravenous methadone include (1) poor tolerance or analgesia with first-line opioids in patients with cancer-related pain; (2) high opioid tolerance (e.g., patients with history of opioid abuse); (3) intense breakthrough pain necessitating intravenous rescue dosing; (4) patients on an oral methadone regimen with worsening pain who become unable to swallow or who have poor enteral absorption; (5) patients with renal or hepatic failure; and (6) patients needing doses too large to be accommodated by the oral route.


When converting oral methadone to intravenous methadone, the cumulative dose of oral methadone should be reduced by 50% (a 2:1 oral/intravenous ratio). This dose is infused over 24 hours or divided into intermittent dosing and administered every 8 hours.16 To convert in the opposite direction (i.e., from intravenous to oral), many experts report that the safest approach is to use a 1:1 conversion (i.e., same total daily dose as that given intravenously [IV] over 24 hours). Although methadone has a high oral bioavailability, some patients may need an upward titration close or equal to a 1:2 (intravenous/oral)—that is, twice the intravenous total daily dose.17 Although limited evidence exists on the conversion from intravenous to oral methadone, a small retrospective study evaluated the ratio of conversion from parenteral to oral methadone and found the ratio to be closer to 1:1.3, meaning the parenteral dose should be multiplied by 1.3 in calculating the appropriate 24-hour oral methadone dose.18


Special caution should be taken with intravenous methadone because chlorobutanol, the preservative it contains, independently prolongs the QT interval. Given the risk for QT prolongation with intravenous methadone, guidelines for management suggest that an electrocardiogram (ECG) should be performed (1) before initiation of therapy, (2) after 24 hours of initiation, (3) each time the methadone dose is escalated, and (4) at regular times after titration. Following discharge from the hospital, the ECG should be repeated once after a week of treatment, because of the prolonged half-life in some patients, and again at regular, clinically feasible intervals at subsequent follow-up visits.19


Using intravenous methadone creates unique challenges. Unlike oral methadone, the intravenous formulation is expensive and there may be limited availability of the intravenous solution in many settings. In addition, nursing guidelines must be created to ensure patient safety during infusions. Given the often strict regulations of home health agencies regarding the use of intravenous methadone, it may not be possible to discharge patients home on parenteral methadone. For these reasons, intravenous methadone should be administered in close consultation with someone skilled in its use.












Key messages to patients and families


Families should be reminded that in spite of the stigma and special training required for its use, methadone is a safe and effective treatment for patients with chronic, complex pain syndromes. Although evidence is lacking in support of more precise conversion from other opioids to methadone, significant clinical evidence exists that methadone can be used safely for both opioid-naïve and opioid-exposed patients when used with caution and in the hands of an experienced clinician.









Conclusion and summary


Methadone should be used with caution and only by clinicians who understand its variable half-life. With appropriate patient selection and careful titration, methadone is an effective, inexpensive, long-acting treatment for complex pain syndromes and for patients with chronic pain from various causes. Under the supervision of appropriate providers, the unique pharmacokinetics of methadone can be used to benefit this patient population. For oral morphine equivalent doses of less than 1200 mg per day, the Ayonride conversion chart and the Morley and Makin method are likely the safest conversion methods. Unfortunately, evidence is lacking for a safe conversion method for an oral morphine equivalent dose of more than 1200 mg per day. Large-scale equianalgesic trials will be necessary to establish a universal morphine-to-methadone conversion method for both low and high doses of morphine.12 Evidence and guidelines are lacking to help clinicians with conversion of methadone back to the other opioids.





Summary Recommendations






Methadone for Opioid-Naïve Patients







• Methadone is a suitable first-line opioid in select patients when slow onset and long duration of action are advantageous.17


• The recommended starting dose in an opioid-naïve patient is 2.5 mg orally every 8 to 12 hours. Frail older patients may need to begin as low as 2.5 mg orally once daily. In the outpatient setting, increases may be made every 5 to 7 days, depending on response.17












Methadone for Opioid-Tolerant Patients







• There is no fixed equianalgesic ratio between methadone and other opioids.13


• The titration can take several days before reaching steady state.18


• Before initiating methadone, the oral morphine equivalent dose must be calculated and then clinicians must choose to either use the Morely and Makin Stop and Go method or the Reduce and Replace method using the Ayonrinde conversion table.12
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Introduction and scope of the problem


Pain is a debilitating symptom for many people facing serious chronic illness. Most patients can have their pain adequately controlled with the more typical analgesic medications; however, the use of methadone for pain management poses unique challenges. Palliative care clinicians must understand its pharmacology and complex dosing regimens, especially when caring for medically frail or older patients.1 Methadone was first synthesized in the late 1940s, and its use offers advantages related to its long duration of action and low cost. As an opioid agonist, methadone has cross-tolerance with other opioids, thereby alleviating opioid withdrawal syndrome. This makes it a particularly beneficial agent in those patients with a history of opioid dependence. These same properties make it an ideal medication for management of complex pain syndromes.


Although chemically different from morphine, methadone acts on the opioid receptors, producing a similar analgesic effect. Methadone has also been demonstrated to have antagonist activity at the N-methyl-d-aspartate (NMDA) receptor, in addition to antagonist activity at the serotonin and norepinephrine receptors sites, thereby preventing neuronal reuptake at these receptors. This receptor antagonism makes methadone useful for neuropathic pain syndromes. The combination of NMDA receptor antagonism, serotonin and norepinephrine reuptake inhibition, and opioid agonism provides valuable analgesic effects with fewer side effects than other medications in this class.


This chapter will review the special considerations for the safe use of methadone and discuss the patient populations in whom it should be used and those in whom it should be avoided.









Relevant pathophysiology






Pharmacokinetics


Methadone’s unique properties offer benefits different from those of other opioids. Because methadone is a highly lipophilic molecule, it can be administered through a variety of routes, and it has been approved for oral and intramuscular use. It is also available for rectal, intravenous, subcutaneous, epidural, and intrathecal administration.


Oral methadone has a bioavailability nearly 80% of the administered dose compared to 26% for morphine.2 It is absorbed rapidly from the stomach, and most absorption occurs before transiting beyond the stomach. Following absorption, methadone is widely distributed to the brain, liver, kidneys, muscles, and lungs.3 Methadone has two phases of distribution: the alpha distribution phase, which occurs in the first 2  to 3 hours, followed by the beta distribution phase, which occurs in the following 8 to 12 hours. The drug binds to tissue more avidly than plasma proteins and can therefore accumulate in tissues with repeated dosing.4 Methadone also binds to a specific protein called acid glycoprotein (AAG). Because AAG levels fluctuate with physiological changes and this protein interacts with other nonopioid medications such as tricyclic antidepressants, methadone’s bioavailability can be altered.


Methadone’s onset of action is 30 to 60 minutes after oral administration, which is comparable to those of other immediate-release or short-acting opioids. Plasma concentrations are maintained by the peripheral reservoir. Methadone reabsorption from the tissues may continue for weeks after administration has stopped, thereby sustaining plasma concentrations.


The metabolism of methadone occurs in the liver by the cytochrome P450 (CYP450) enzyme system, primarily CYP3A4. Methadone also inhibits certain CYP450 enzymes, including CYP2D6. The interaction with these enzymes relates to methadone’s interaction with numerous medications across a wide array of classes (see later discussion). Unlike other opioids, methadone does not have active metabolites; thus adjusting the dosage of methadone in patients with renal insufficiency is usually not necessary. The duration of analgesia is approximately 3 to 6 hours when methadone therapy is initiated and typically extends to 8 to 12 hours with repeated administration.


Methadone is eliminated primarily by biliary excretion.3 Although methadone does not accumulate in patients with renal impairment, its elimination can be affected by changes in urinary pH. There is a long and highly variable elimination phase, including the alpha phase, which is 6 to 8 hours in duration, and the beta phase, or second elimination phase, which is 15 to 60 hours in duration. Therefore the half-life of methadone is approximately 24 hours, but it has a very broad range, from 5 to 150 hours, depending on each individual’s metabolism.5 Because of its long half-life, plasma levels of methadone may take 5 to 7 days to reach steady state. It is this variability in duration and time to steady state that pose unique challenges for dosing the medication.


In a study of patients with cancer, an average of 2.4 doses per day was required to maintain adequate pain control.6 By comparison, oral morphine has a half-life of about 4 hours, so 6 or more doses may be required each day to maintain adequate pain control. For patients with chronic pain who require around-the-clock dosing of opioids, methadone’s long duration decreases the frequency of administration, enhances medication compliance, and improves pain control.









Pharmacodynamics


Methadone is a mu-opioid agonist; therefore it possesses both the analgesic properties and the side effects of mu-opioid receptor agonism. Methadone’s mu-receptor affinity is similar to that of morphine, but with repeated dosing its analgesic efficacy is greater than that of morphine.7 There is no clear explanation for the brevity of analgesic effect in view of the long half-life. Methadone’s nonopioid actions, including inhibition of the reuptake of monoamines (including serotonin and norepinephrine) and inhibition of NMDA receptors result in additional analgesia.7 By blocking the activation of the NMDA receptor, which can produce central sensitization, this may help prevent the development of tolerance.8 This may contribute to methadone’s unique ability to attenuate opioid tolerance and reduce hyperalgesia or allodynia. (Of note, some in vitro studies have shown that morphine also will antagonize NMDA receptors, but this occurs at concentrations 8 to 16 times higher than required by methadone.9 ) When methadone is adequately titrated at the time of initiation, frequent or large dosage changes usually are not necessary.









Methadone Side Effects


Side effects associated with methadone are similar to those of other mu-opioid agonists, including pruritus, nausea and vomiting, constipation, dry mouth, somnolence, confusion, sedation, and respiratory depression. Excessive sweating and flushing are common with oral methadone dosing. Sedation is reported less often with methadone than other opioids, but sedation from methadone may lead to more serious consequences because of its long and unpredictable half-life that may lead to accumulation. Toxicities that may occur with initiating therapy or increasing dosage may not become apparent for 2 to 5 days. In a study of patients converted to methadone therapy in an outpatient setting, 20 of 29 participants experienced some degree of toxicity, which was most frequently mild drowsiness during initial titration.10 In light of the potential for accumulation and toxicity within 2 to 5 days of therapy initiation, the respiratory, cardiac, and central nervous system depression effects of methadone must be closely considered.









Respiratory Depression


Side effects such as sedation and respiratory depression are increased when methadone is combined with alcohol or other drugs. In addition, the respiratory depressant effects of methadone are potentiated when administered concomitantly with other drugs that may affect breathing. An Australian study found benzodiazepines present in 74% of deaths related to methadone and urged particular caution when methadone was prescribed with benzodiazepines.11 In addition, this effect is exacerbated by the use of methadone in patients with conditions accompanied by hypoxia, hypercapnia, or decreased respiratory reserve.









QT Prolongation


Another serious side effect of methadone is QTc interval prolongation and, ultimately, torsades de pointes. A prolonged QT interval is a proarrhythmic state, associated with an increased risk for ventricular arrhythmia, particularly torsades de pointes, which is a form of polymorphic ventricular tachycardia of varying polarity.12 Special consideration must be taken in patients with underlying cardiac disease, and careful monitoring of the QTc interval must be conducted during initiation and titration of methadone. The cardiac effects of methadone are also potentiated by concurrent administration of other drugs that prolong the QTc interval or induce torsades de pointes. In addition, clinicians must use particular caution when prescribing methadone to patients with predisposing cardiac risk factors or at risk for development of prolonged QTc interval (Table 8-1).


Table 8-1 Primary Risk Factors for Drug-Induced Torsades de Pointes12






	Female sex

	Cardiac failure






	Baseline prolonged QT interval
 Congenital long QT syndrome

	Recent cardioversion from atrial fibrillation






	Electrolytes imbalance
Ventricular arrhythmia
Bradycardia <50 beats/min

	Hypokalemia
HypomagnesemiaLeft ventricular hypertrophy







The risk for drug-induced torsades is increased by coadministration of other medications that prolong the QT interval. This incidence is greatest with antiarrhythmic drugs, particularly those with class III activity.12 Some medications increase the incident of torsades de pointes through other mechanisms, including intravenous administration, drug–drug interactions (e.g., ketoconazole inhibits the metabolism of methadone), or impaired metabolism. Some individuals may have congenital poor CYP450 2D6 (CYP2D6) metabolizing ability, and therefore these individuals may be exposed to higher plasma concentrations of methadone with the concurrent use of other drugs that are also metabolized by CYP2D6. Some individuals may have an acquired impaired metabolism as a result of hepatic or renal dysfunction. In a small proportion of patients, the use of QT-prolonging drugs will unmask a subclinical congenital long QT syndrome linked to mutations in genes encoding cardiac ion channel proteins.12 Central sleep apnea may contribute to QT interval prolongation because of the association with bradycardia and QT prolongation and is reported to occur in 30% of patients on methadone maintenance. In summary, the QT interval prolongation associated with methadone may be both dose-related and metabolism-related.









Drug Interactions


Metabolism of methadone may create drug interactions between it and other medications related to methadone’s inhibition or induction of CYP450 enzymes (Table 8-2). Specifically, the inhibition of CYP450 enzymes by methadone may cause an increase in toxicity or opioid withdrawal. For example, administration of methadone with a drug that inhibits methadone’s metabolism or discontinuing a drug that had previously induced methadone’s metabolism may result in toxicity related to an increase in the plasma concentration of methadone. In addition, discontinuing a drug that either increases methadone’s metabolism or induces the CYP450 enzymes may result in opioid withdrawal.


Table 8-2 Medications That Interact With Methadone17,27






	Medications

	Increase Methadone Concentration/Effects

	Decrease Methadone Concentration/Effects






	Antibiotics

	Ciprofloxacin, ketoconazole, fluconazole,
macrolide antibiotics (erythromycin, clarithromycin, troleandomycin)

	Rifampin






	Antiretrovirals

	Delavirdine

	Amprenavir, efavirenz, nelfinavir, nevirapine, ritonavir






	Antidepressants

	Fluoxetine, paroxetine, tricyclic antidepressants

	 






	Anticonvulsants

	Diazepam

	Phenobarbital, phenytoin, carbamazepine






	Antacids

	Cimetidine, omeprazole

	 






	Cardiac medications

	Quinidine, verapamil

	 






	Miscellaneous

	Ethanol (acute use)
Urinary alkalinizers
Grapefruit juice or fruit

	Ethanol (chronic use)
Urinary acidifiers







Some medications can change methadone’s absorption, distribution, and metabolism. Methadone’s absorption is mediated by gastric pH and P-glycoprotein (Pgp), a transport protein. Changes in gastric pH or the activity of Pgp brought about by certain medications, including verapamil and quinidine, may change methadone absorption.13,14 Methadone is metabolized principally by the CYP3A4 and CYP2D6 enzymes.15 Many medications interact with methadone through their effects on these enzymes (see Table 8-2).15,16 Drugs that inhibit CYP3A4 include fluconazole, fluvoxamine, fluoxetine, paroxetine, human immunodeficiency virus (HIV)–1 protease inhibitors (ritonavir > indinavir > saquinavir), and likely erythromycin and ketoconazole. Selective serotonin reuptake inhibitor (SSRI) antidepressants may inhibit CYP2D6 and therefore can increase methadone plasma levels. Dosing adjustments may be required if these medications are added to or eliminated from a patient’s regimen. Analgesics with opioid-antagonist properties, including buprenorphine, butorphanol, dezocine, nalbuphine, nalorphine, and pentazocine, should not be used with methadone because they can displace methadone from mu-opioid receptors. The understanding of these drug interactions of various mechanisms is critical to the safe use of the medication for pain management.17












Summary of Evidence Regarding Treatment Recommendations






Patient Selection for Methadone


Specific factors must be taken into account when considering methadone as a treatment modality for pain management (Table 8-3). Understanding pharmacokinetics, pharmacodynamics, and drug interactions is critical in selection of patients who may be most appropriate to receive methadone. Patients suitable for methadone include those with (1) a true allergy to morphine, (2) significant renal impairment, (3) neuropathic pain, (4) refractory pain, (5) intolerable opioid-related side effects, and (6) a requirement for around-the-clock pain control with a nonoral formulation of an opioid. Relatively low cost is another benefit of methadone (Table 8-4). Methadone is the least expensive long-acting opioid available; its cost is a fraction of that of OxyContin (long-acting oxycodone), MS Contin (long-acting morphine), and fentanyl patches.


Table 8-3 Indications for Methadone for Pain Management






	Uncontrolled pain
Renal impairment
Adverse effects of other opioids
Lower cost (advantageous in patients who cannot afford more expensive medications)

	Pain refractory to other opioids



Morphine allergy
Neuropathic pain







Table 8-4 Monthly Cost of Methadone Compared to Other Commonly Prescribed Opioids27






	Drug and Dosage (Quantity)

	Cost ($)*







	Methadone 5 mg PO three times daily (90 pills)

	  8.00






	Sustained-release morphine (generic) 30 mg PO twice daily (60 pills)

	101.50






	Sustained-release morphine (MS Contin) 30 mg PO twice daily (60 pills)

	113.50






	Sustained-release oxycodone (OxyContin) 20 mg PO twice daily (60 pills)

	176.50






	Transdermal fentanyl (Duragesic) 25 mcg per hour (10 patches)

	154.00







* Estimated cost to the pharmacist based on average wholesale prices, rounded to the nearest half dollar, in Red Book. Montvale, NJ: Medical Economics Data, 2004. Cost to the patient will be higher, depending on prescription filling fee.


On the other hand, methadone may not be appropriate for patients (1) with a very short life expectancy (days); (2) prescribed multiple interacting drugs; (3) with a significant cardiac history; (4) with conditions accompanied by a decreased respiratory reserve, hypercapnia, or hypoxia; (5) with significant hepatic impairment; or (6) with a history of or at risk for drug nonadherence.









Patients Receiving Opioid Agonist Therapy


Patients in methadone or buprenorphine maintenance treatment programs who experience acute pain require physicians with specialized training to manage their pain. Clinicians carry many misconceptions about pain management for patients receiving opioid agonist therapy. These misconceptions include (1) the maintenance opioid agonist (methadone or buprenorphine) provides analgesia, (2) use of opioids for analgesia may result in addiction relapse, (3) the additive effects of opioid analgesics and opioid agonist therapy may cause respiratory and central nervous system depression, and (4) reporting pain may be a manipulation to obtain opioid medications or drug-seeking behavior.18 Patients receiving maintenance therapy with opioids for addiction do not receive sustained analgesia because the duration of action for analgesia for methadone and buprenorphine is 4 to 8 hours; however, the duration of the medication’s effect to suppress opioid withdrawal is 24 to 48 hours. In addition, patients receiving maintenance opioids experience cross-tolerance to other opioids and therefore require higher doses of opioid analgesics to achieve adequate pain control.19


No evidence has demonstrated that exposure to opioid analgesics in the presence of acute pain increases rates of relapse. Patients receiving opioid agonist therapy typically receive treatment doses that block most euphoric effects of coadministered opioids, theoretically decreasing the likelihood of opioid analgesic abuse.20 Requests for opioid analgesia from patients receiving opioid agonist therapy may be labeled as drug-seeking behaviors, which are defined as a patient’s efforts to obtain opioid medications, including engaging in illegal activities. However, it is important to distinguish between drug-seeking behavior and addiction. This becomes particularly difficult because of a phenomenon known as pseudoaddiction, a state characterized by patients with unrelieved pain who exhibit drug-seeking behaviors and search for alternative sources or increased doses of their analgesic.21









Opioid-Induced Hyperalgesia


Patients who experience opioid-induced hyperalgesia may benefit from transitioning to methadone for treatment of pain. Opioid-induced hyperalgesia is the result of a neuroplastic change in pain perception that augments pain sensitivity. Hyperalgesia is described as an enhanced pain response to a noxious stimulus, and opioid induced hyperalgesia occurs after prolonged administration of opioids. It is found more frequently in patients receiving high as opposed to low doses of opioids. Strategies to treat and prevent opioid tolerance and opioid-induced hyperalgesia include using adjuvant drugs for pain treatment (such as anticonvulsants and antidepressants), physical therapy, and opioid rotation. Opioid rotation is a widely used therapeutic technique in which the type of opioid or route of administration is changed to reduce the side effects and improve its analgesic efficacy.22 The evidence supporting opioid rotation as a means of improving pain control, however, is lacking. The use of buprenorphine (a partial mu-opioid receptor agonist but also a kappa-receptor antagonist) and methadone (a mu-opioid receptor agonist and NMDA receptor antagonist) when coadministered with ketamine (an NMDA receptor antagonist) has been associated with less hyperalgesia.23












Key messages to patients and families


Special care must be taken for the safe use of methadone. Given its historic use for opioid agonist therapy, there is considerable stigma surrounding the use of methadone. Nevertheless, methadone can be used to effectively treat mixed pain syndromes. Data demonstrate that methadone is effective in relieving cancer pain and has analgesic efficacy and a side effect profile similar to those of long-acting morphine. Reports have shown that methadone can be effective at treating neuropathic pain, although evidence is limited supporting this property. Methadone is especially useful for patients with renal impairment, those with morphine allergy, and those in whom a slow onset and long duration of action is beneficial. When prescribed by an experienced clinician, methadone can be administered safely. Nevertheless, considerable caution must be taken for patients who are also taking other medications that cause respiratory or central nervous system depression.





Summary Recommendations







• Data suggest that methadone is effective in relieving cancer pain and has an analgesic efficacy and side effect profile similar to that of morphine.24,25


• No trial evidence supports the suggestion that methadone is effective at treating neuropathic pain of malignant origin.24,25


• Methadone is a suitable first-line opioid in select patients for whom slow onset and long duration of action are beneficial.


• Particular caution is warranted when methadone is prescribed in patients taking benzodiazepines.26















Conclusion and Summary


While methadone has many advantages over other opioids, some special considerations must be taken into account when using it with patients. Methadone can be very effective when treating mixed pain syndromes, including cancer pain and neuropathic pain. It also has properties that make it particularly useful in patients with renal impairment or morphine allergy or in those patients who might benefit from a medication with a slow onset and long duration of action. On the other hand, methadone’s long half-life requires that only experienced clinicians oversee its use. Particular caution should be used in patients who are taking other medications that cause respiratory or central nervous system depression, such as benzodiazepines. In the appropriate patient population and under the direction of an experienced clinician, methadone can be used safely and effectively for the management of pain.
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dose of 10% of the total 24 hour dose scheduled every 1 hour prm (note that dose of interval
adjustments may be needed for oider or debiitated patients as well as those with hepatic

or renal dysfunction)

« Consider starting patient on a patient-controlled analgesia (PCA) pump

oR

NB: Clinical judgment s of utmos! importance when making decisins about opiod iaton,
laking into accoun patient roport of pain severty,degroe o debily,presence of opioid-induced

side effects, end-organ functon, ofc.
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OPIOI AGONISTS ng) () )
Morphine 10 30 4
Hydrocodone — 30 4
Oxycodone - 20 4
Oxymorphone 1 10 4
Hydromorphone 15 75 4
Fentanyl ’ 4 12
Codeine 130 200 1

Modified rom Horton JR.Hospltal-based oploid analgesia. In: Dumn A,
Klotman P. Kathuria N, eds. Handbook of Hospital Medicine. Hackensack N
World Sclentifc. I prass.

“This table provides a conversion ratio when converting from one opiold
medication to another o from one route of administation {o another.
‘Convert morphine 2mg PO/24 hr to entanyl 1 meg/hr transdermal patch;
iransdermal fentanyl should never be prescribed for an oploid-nalve
patient

‘Oralfentanyl preparations are available, but thel use is complcated and
shntila coamiion ratlos oo ok sait
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DRUG LOADING DOSE PCADOSE LOCKOUT min) BASALRATE"

Morphine 25mg 052mg 8 005mg/hr
Hydromorphone 04mg 0.10.4mg 68 00.1mg/hr
Fentanyl 25meg 525meg 56 05meg/hr

H. Hour, meg, microgram: mg, millgram.
el Talis DUl isiive nalisats shosdd s wead with caati
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REOMMENDATION

COMMENTS

Step 1 Acetaminophen
Nonsteroidal
antnflammatories
Step2. Tramadol

Codeine
Dextropropoxyphene

Step3 Fentanyl
Methadone
Hydromorphone

Oxycodone
Morphine.

From Davison SN. The prevalence and management of chronic pain n end-stage fenal discase. ] Rllat Med. 2007,10(6):127

Recommended
Use with caution

Use with caution

Avoid
Avoid

Recommended
Recommended
Recommended

Insufficlent evidence
Avoid

PR Gt St i i A vl o Wbt

No dose adjustment necessary.
May have Increased bleeding in CKD.

Maximum dose of 200mg daily, associated with lower
seizure threshold.

Case reports of delayed and unexpected toxicity.

Accumulation of parent drug and active metabolites,
assoclated with CNS and cardiac toxicity.

Use by experienced clinician.

‘Well tolerated in dialysis patients; toxic metabolites
may accumlate in stage 5 CKD, therefore manage
conservatively.

M6G accumulates and has analgesic and sedating
properties.






