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Novel Technologies for Patient-Controlled Analgesia

Introduction

During 2004, 45 million inpatient procedures were performed in the United States, with pain as a common side effect. [DeFrances 2006, p3] Improving pain control can speed recovery, contain healthcare costs, and improve quality of life. [Warfield 1995, p4] To improve pain management, guidelines have been published by the Agency for Health Care Policy and Research (AHCPR), the American Pain Society, the American Society of Anesthesiologists, and the Joint Commission on Accreditation of Healthcare Organizations (JCAHO). Unfortunately these pain management guidelines have had little influence on practice patterns or pain control. [Apfelbaum 2003, p535] 
Two surveys of U.S. households, conducted nearly 10 years apart revealed that approximately 60% of surgical patients were primarily concerned with having post-surgical pain. [Warfield 1995, p4; Apfelbaum 2003, p536] Approximately 80% of the patients reported pain after surgery. In both studies, at least 80% of those experiencing pain reported moderate to severe pain post-surgery (Figure 1). [Warfield 1995, p5; Apfelbaum 2003, p536] The vast majority (71%) of participants reported that they still had pain after receiving their first dose of analgesic. [Warfield 1995, p4] Together these surveys demonstrate that postoperative pain remains undermanaged (Figure 1).
The unmet need is due, in part, to analgesic gaps. There are several reasons why analgesic gaps occur. (1) Analgesic gaps occur when a patient is treated with intermittent dosing—there are periods when the blood concentration falls below an optimal level— (2) or when the patient is transitioned  between treatment modalities, for example, from postsurgical epidural analgesia or intravenous patient controlled analgesia (IV PCA) to oral analgesics. [Carr 2005, p288] (3) Higher than expected pain scores and analgesic gaps can occur when prior opioid tolerance or cross-tolerance to other drugs or alcohol is not reported prior to surgery. [Ready 1999, p502] (4) According to a study of 25,000 patients, technologic failures—which prevent proper alleviation of pain—also contribute to the analgesic gap. [Ready 1999, p503]
This review will discuss the current technologies for pain management, with a focus on IV PCA, the difficulties with current technologies, and emerging technologies that have been recently approved or will soon be approved. For the purposes of this review, only pharmacological management of postsurgical pain will be discussed.
Current Technologies
On-demand analgesia provides improved pain relief while using smaller total drug dosages. However, repeated administration of intravenous (IV) or intramuscular (IM) doses by a nurse requires time (1) for the nurse to respond to the patient’s call, (2) to sign out medication, (3) to prepare the injection, and (4) to give the injection before pain can be relieved. The entire process can take up to 40 minutes until pain relief occurs and pain intensity may increase over this time period. IV PCA can be used to minimize the interval between the analgesic request and pain relief.
IV PCA is an analgesic delivery system that allows patients to self-titrate analgesics according to their level of pain intensity and is attached to the patient’s IV line. The pump contains microprocessors that allow hospital personnel to program the drug concentration, dose, and lockout interval (interval timer), while the patient determines the dosing time and total dose administered. IV PCA with opioids allows patients to determine their own steady-state opioid blood concentration rather than using the traditional predetermined dose and interval. [Ferrante 1988, p460] This allows blood concentrations of opioids to be customized and minimizes the periods of sedation and pain associated with the peaks and nadirs in drug concentration as occurs with IM injection (Figure 2). [Ferrante 1988, p457; White 1988, Fig 1] Additional advantages of IV PCA are the rapid onset of effect and that it compensates for pharmacokinetic, pharmacodynamic, and genetic differences between individuals. [White 1988, p245] Two studies compared the efficacy of opioid IV PCA and opioid IM, one evaluated patients following total knee replacement and the other evaluated patients post-cesarean. [Ferrante 1988, p461; Harrison 1988, p455] Both studies found that patients subjectively rated PCA as superior to IM with regard to pain relief. [Ferrante 1988, p461; Harrison 1988, p455] Both opioid IV PCA and opioid IM produced similar maximum reductions in pain intensity. [Harrison 1988, p455] Another benefit of IV PCA is that it reduces the risk of oversedation, which typically occurs with nurse-administered analgesia in larger, less frequent doses. [ISMP 2003, p1]
Several opioids are available for IV PCA. Morphine is the standard drug of choice for PCA in the U.S. [Sinatra 1989, p585] Hydromorphone, oxymorphone, and fentanyl are the future options with significant advantages over morphine, which include more rapid onset and fewer side effects although [Sinatra 1989, p589] a loading dose is required to achieve an effective plasma concentration. Once the effective plasma concentration is attained, the patient can self-administer incremental bolus doses. Basal infusions along with PCA produce better analgesia with higher morphine consumption that may predispose the patient to respiratory depression and is not necessarily recommended for treatment-naïve patients. [Practice Guidelines 2004, p1576]
To avoid high opioid exposure, IV PCA should not be used as monotherapy. Rather IV PCA should be used as an adjunct analgesic; guidelines recommend multimodal pain management. [Practice Guidelines 2004, p1577] IV PCA with morphine can be used effectively with oral nonsteroidal anti-inflammatory drugs (NSAIDs) or cyclooxygenase-2 (COX-2) inhibitors. In a double-blind, placebo-controlled study, patients were treated with rofecoxib or placebo prior to open abdominal surgery and treated with IV morphine and IV PCA morphine post-surgery. [Sinatra 2004, abs] The COX-2 inhibitor dose-dependently reduced morphine requirements throughout the 24-hours post-surgery. Cumulative IV PCA morphine was reduced by as much as 59% compared with placebo pretreatment. [Sinatra 2004, 137] Rofecoxib and COX-2 inhibitors are not approved for use before surgery; however, in this situation it was necessary because many patients recovering from abdominal procedures cannot take oral medications. [Sinatra 2004, p139]  
Opioid-Dependent/Tolerant Patients


Perioperative management of opioid-dependent/tolerant patients can be challenging. Patients should receive preoperative administration of their daily maintenance or baseline opioid dose. [Mitra 2004, p219] Recovering addicts taking methadone or buprenorphine should continue taking the medications with a sip of water on the morning of surgery. [Mitra 2004, p219] Patients maintained on buprenorphine may continue it for postoperative pain control. [Mitra 2004, p220] IV PCA can be given to selected patients. To compensate for tolerance and receptor down-regulation, higher than normal doses of opioids are needed. [Mitra 2004, p221] Basal infusions will improve analgesia in opioid-dependent patients.
IV PCA Shortcomings 

According to a meta-analysis of 15 randomized controlled trials, patients strongly prefer IV PCA over conventional analgesia. [Ballantyne 1993 abs, p188] Nonetheless, IV PCA has its shortcomings including under and overdosing. The Manufacturer and User Facility Device Experience Database (MAUDE) contains reports of adverse events involving medical devices, which were sent to the FDA. [MAUDE, p1] Of 2,000 reports, 4.4% (88/2,000) were documented as “under-delivery” of analgesia. A majority (n=82) of the problems were device-related: battery, software, or display malfunctions; failed alarms; defective pendants; and faulty syringe injectors. Only 6 events were attributed to operator errors, such as improper analgesic loading, failure to remove tube clamp, and programming errors. Of the 88 reports, there were 31 cases in which the duration without any analgesic was recorded. The mean duration of undermedication was 26 hours. [Maude] Therefore, many patients went an entire day without receiving enough analgesia.  


Dosing errors are also tracked by the United States Pharmacopeia (USP), which operates two voluntary reporting programs, MEDMARX® and the Medication Errors Reporting (MER) Program. Healthcare professionals who encounter actual or potential medication errors are encouraged to report them confidentially and anonymously to MER (Table 1). Medication errors include misinterpretations, miscalculations, misadministrations, difficulty in interpreting handwritten orders, or misunderstanding of verbal orders.  The error-types are tracked and the hope is that by reporting these errors, future errors can be averted via changes to the system or device.
The USP evaluated the medication errors related to use of IV PCA that were submitted to MEDMARX or MER from September 1, 1998 through August 31, 2003. There was a total of 5,377 records and 425 (7.9%) of these records were categorized as harmful. A majority (91%) caused temporary harm to the patient and intervention was required, 6% caused temporary harm that resulted in hospitalization or prolonged hospitalization, 1.6% required intervention to sustain life, and 1.2% caused death. [USP 2004, p1]  Most of the reports (39%, 1,873/5,377) described an improper dose/quantity. [USP 2004, p1] The USP concluded that when IV PCA pumps are used, there is a 3.5 times greater risk for patient harm. [USP 2004, p1] Similarly, from 1987-2003 the Institute for Safe Medication Practices (ISMP) in Canada received 425 incidence reports involving overdose from narcotic infusion pumps. There were 135 injuries, 123 deaths due to overdose, and 127 potential deaths that were averted when the pump was deactivated and naloxone was administered. [U David.]

Improper dosing is related to a variety of factors such as (1) PCA by proxy. One of the safety features of PCA is that it is intended for patient dose determination. However, family members or hospital staff may administer doses for the patient, by proxy, in attempt to keep the patient comfortable. This has lead to oversedation, respiratory depression, and death. [ISMP 2003, p1] Another factor is improper patient selection. Patients who are not mentally aware, do not have the physical capability to administer the drug, are confused elderly patients, or are too young are suboptimal candidates for PCA. In these patients PCA by proxy often occurs which leads to improper dosing. [ISMP 2003, p1] Inadequate monitoring is another factor. Typical monitoring does not alert caregivers to opiate toxicity. Patients with opiate-induced respiratory depression or oversedation can be stimulated “awake” during respiration, heart rate, and blood pressure assessments. Once the stimulus is removed, patients with opioid toxicity fall back into the oversedated state. Also, if the patient is on supplemental oxygen, pulse oximetry readings will be adequate even at low respiratory rates. [ISMP 2003, p1] In addition, patient education is an issue. Patients must be taught how to use the PCA. Patients who misunderstand the directions may press the button requesting analgesia even if they are comfortable and sleepy. Teaching the patient immediately after surgery may be too soon. They may be too groggy to fully understand the instructions, thus poor pain control 12-hours post-surgery is often reported. PCA by proxy can occur if family members are not educated. [ISMP 2003, p1] Drug product mix-ups such as those due to name similarities can also contribute to suboptimal analgesia. Some people mistakenly belief that hydromorphone is the generic name for morphine. Also, prefilled syringes can look similar. Since opiates are typically in unit stock, these errors are rarely detected and can lead to overdose, underdose, or allergic reaction. [ISMP 2003, p1] Practice-related problems such as incorrectly programming the PCA pump (the most frequently reported practice-related problem) can occur. Other problems include calculation, transcription, and IV admixture errors. [ISMP 2003, p2] Some of the pump designs make programming less than intuitive. Also, some pumps do not require users to review all settings before starting the infusion. Some pumps do not have visual or auditory feedback so a patient knows whether administration of medicine occurred. As a result, patients may press the button more often. [ISMP 2003, p2] Inadequate staff training on different types of pumps or if the nurse setting up the pump uses them infrequently, can lead to errors. [ISMP 2003, p2] Prescription errors with converting oral opiate doses to IV doses have also occurred. This commonly happens with hydromorphone, which has an oral to IV conversion range of 3:1 to 5:1. Choosing the appropriate opiate for the patient is also important. For example, renal function and drug allergies should be assessed before choosing a drug. [ISMP 2003, p2]
All of the PCA pump errors can be reduced with (1) adequate nurse training and refresher training, (2) better family and patient education on PCA use, (3) attaching a caution sticker to the pump that says “CAUTION, only patient may press button,” (4) having two nurses program one pump, (5) better selection of patients, (6) improve the level of patient monitoring, and (7) more specific analgesic orders. Postoperative analgesic orders should specify the drug concentration, the dosage range in both mg (or (g) and mL, and the lockout interval. [White 1987, p83] The use of PCA pumps with the “smart pump” technology can also reduce errors related to PCA. Smart pump technology, is a third generation pump that has a built-in barcode reader that reads the barcode on the syringe. The pump knows the drug and the concentration, it helps prevent programming errors and can alert the medical staff when maximum doses or flow rates are exceeded. [ISMP 2003, p1] Smart pumps will eliminate programing errors but patients can still be overdosed by proxy and via other errors.
New Technologies
Iontophoresis


One new technology involves the process of iontophoresis. Iontophoresis is a process where an electrical field drives charged particles across the skin. [Viscusi 2005a, p292] Iontophoresis increases the penetration capacity of the skin, which is the greatest barrier to transdermal drug delivery. It is particularly effective for positively charged, lipophilic, small molecules. Depending on the magnitude of the electric current, the drug concentration, the molecular characteristics, and drug formulation, iontophoresis can be used for local or systemic drug delivery. [Viscusi 2005a, p292] 
The first fentanyl iontophoretic transdermal system, called IONSYS™, is FDA approved for short-term, moderate to severe pain post-surgery. It is a PCA system that is needleless. The patient controlled transdermal system (PCTS) is about the size of a credit card and is activated when the patient pushes the button located on the device. (Figure 3) The device has a battery and electronics on top and two hydrogel reservoirs beneath. One reservoir is the anode; it is located under the dosing button and contains fentanyl. The other hydrogel, the cathode, contains pharmacologically inactive ingredients. [IONSYS PI, p1] When the device is placed on the skin, the circuit path between the electrodes is completed. From an electronic standpoint the drug attempts to get to the return electrode and in the process is driven into the skin and absorbed readily into the peripheral vasculature. The adipose layer is under the vascular layer, so the size of the patient is not a factor in delivery of the drug. Blood concentrations increase more slowly with iontophoresis than with IV administration. [IONSYS PI, p1] Every on-demand dose of 40 (g is delivered over a 10-minute period and an audible tone indicates the start of dose delivery. A red light remains lit throughout the 10-minute dosing period and the next dose cannot begin until the prior one is completed. [IONSYS PI, p4] Between doses the red light will flash to indicate the approximate number of doses that have been administered. IONSYS™ contains enough fentanyl for up to 24 hours or a maximum of 80 doses, whichever comes first. [IONSYS PI, p1] The patient should be titrated to comfort with analgesics before starting treatment with the PCTS. [IONSYS PI, p4]

The iontophoresis system is different from the typical noninvasive, passive, transdermal delivery systems, which use a patch. The passive patch system delivers drug via continuous absorption and is inappropriate for short-term analgesia because there is no control of the rate of drug delivery and dose. [Viscusi 2005a, p292]


In a head-to-head comparison of PCTS fentanyl versus IV PCA morphine for post-operative pain, pain control was equivalent. [Viscusi 2004, p1340]  The study was a randomized, open-label, parallel-group, active controlled study conducted at 29 US and 4 Canadian hospitals. The patients (N=636) had abdominal, orthopedic, or thoracic surgery. The PCA pumps were programmed to deliver 1 mg bolus, 5 minute lockout, and maximum of 10 doses (10 mg) per hour of morphine. [Viscusi 2004, p1334] IONSYS delivered 40 (g of fentanyl over 10 minutes, with a maximum of 6 doses per hour. After patients were titrated to an acceptable level of post-surgical comfort with IV doses of opioids they were randomized into the study. The primary outcome was patient-rated pain control (global rating) and the secondary outcomes were the last pain intensity score (using a visual analog scale [VAS]) and discontinuation due to inadequate analgesia after 3 hours of treatment. Within the first 24 hours post-surgery, the two systems were therapeutically equivalent. The treatment was rated a success (defined as excellent or good pain control) by 74% of the PCTS-treated patients and 77% of the IV PCA-treated patients (P=0.36). [Viscusi 2004, p1337] The last recorded pain intensity scores were also equivalent between treatments. The mean VAS scores were 33 for the PCTS-treated patients and 31 for the IV PCA-treated patients (P=0.45). Likewise the pain intensity scores were comparable at all assessed times. [Viscusi 2004, p1337] The dosing was qualitatively similar between treatments and modalities and was typical of opioid consumption during the first 24 hours after major surgery. [Viscusi 2004, p1338] The incidence of opioid-related adverse events was similar between groups. [Viscusi 2004, p1338] The authors concluded that PCTS using iontophoresis with fentanyl provides post-surgical pain control that is equivalent to morphine delivered by IV PCA pump. [Viscusi 2004, p1340]  However, the PCTS has advantages of being needle-free and preprogramed, which eliminates programming errors. The device is also less bulky, which facilitates patient mobility and physical therapy.
Liposomal Delivery Systems


Liposomal delivery systems contain spherical particles that have an outer layer composed of phospholipids and an interior chamber that contains the drug. The drug release profile can be varied by the lipid composition. Analgesics are delivered in a multivesicular liposome (MVL) [Viscusi 2005b, p491] which has a honeycomb-like structure of numerous nonconcentric internal chambers that encapsulate the drug (Figure 4). This unique structure contributes to the stability and prolonged duration of drug release because the entire volume of drug is not released as the external membrane degrades. [Viscusi 2005b, p491]  MVLs can deliver drugs locally or systemically depending on the route of injection: subcutaneous, intramuscular, intraperitoneal, epidural, intrathecal, intraventricular, intra-articular, subconjunctival, or intravitreal. [Viscusi 2005b, p492]

MVLs are used to deliver extended-release morphine. Morphine sulfate extended-release liposome injection (DepoDur®) is the only liposomal pain formulation with an indication for post-operative pain to receive FDA approval
. Bupivacaine liposomal formulation is under investigation. The extended-release morphine liposome injection is indicated for single-dose epidural administration, at the lumbar level. It is administered prior to surgery or after clamping the umbilical cord during cesarean. [DepoDur PI, p1]  Epidural administration results in both systemic absorption of morphine and absorption into the intrathecal space. Once absorbed systemically the distribution is the same as for other morphine formulations. [DepoDur PI, p1]
Analgesics that are delivered via a single epidural injection of liposomes have numerous benefits over single epidural injections or epidural indwelling catheters. A single injection of standard epidural morphine is only efficacious for up to 24 hours; the liposomal delivery of epidural morphine is efficacious for up to 48 hours. [Viscusi 2005b, p463; Viscusi 2005c, p1021] The increased duration of efficacy provided by the liposomal preparation is particularly beneficial because it negates the need for an indwelling epidural catheter (the catheter provides a longer duration of pain relief than a single injection). [Viscusi 2005c, p1021] Indwelling epidural catheters often fail to produce appropriate analgesia. A retrospective study of 471 patients with epidural catheters for postoperative analgesia reported that there were few serious complications but 60% of the patients required intervention by the acute pain service, mainly for inadequate analgesia. [Ng 2002, abs] Also, 14% of the patients had their epidural analgesia terminated early due to inadequate analgesia and 14% due to shortage of beds in the high-dependency unit. [Ng 2002, abs] Likewise a retrospective analysis of 25,000 patients revealed that 27% of lumbar catheters and 32% of thoracic catheters failed (defined as any condition that required the epidural catheter to be replaced or required another major treatment modality). [Ready 1999, p503] Further, most patients require postoperative anticoagulants, a situation which increases the risk of epidural hematomas. [Horlocker 1998, p1153, 1155] Removal of an indwelling epidural catheter while the patient is on anticoagulants increases the risk of hematoma. [Horlocker 1998, p1155] The study of 25,000 patients reported that 17% of the catheters were prematurely dislodged. [Ready 1999, p503] An effective liposomal anesthetic could alleviate these concerns by having a longer efficacy and enabling anticoagulation therapy without the risk of epidermal hematoma.
Extended-Release Morphine Liposome Injection

The efficacy of extended-release morphine liposome injection was evaluated in a randomized, double-blind, placebo-controlled, parallel-group, dose-ranging, multicenter study. Patients (N=200) who were scheduled to undergo unilateral hip arthroplasty received either 15, 20, or 25 mg extended-release morphine liposome injection or placebo by epidural injection before induction of general or regional anesthesia and approximately 30 minutes prior to surgery. The patients received fentanyl IV 25 (g bolus after surgery and fentanyl IV PCA after the first request for pain medication. No other analgesic was permitted during the 48 hour observation period. Fentanyl use was the primary efficacy endpoint. The time to first use of fentanyl and pain intensity were recorded. The mean postoperative fentanyl consumption was significantly lower in patients receiving extended-release morphine liposome injection than patients who received placebo (P<0.0001). [Viscusi 2005c, p1017] Overall, extended-release morphine-treated patients had a 75% reduction in mean fentanyl IV PCA use compared with placebo patients. Placebo patients requested pain medication (IV PCA fentanyl) significantly sooner than extended-release morphine-treated patients, with a median time to first postoperative fentanyl use of 3.6 hours versus 21.3 hours, respectively. [Viscusi 2005c, p1018] Nearly half (46%) of the extended-release morphine-treated patients compared with only 2% of the placebo patients required no postoperative fentanyl for 24 hours postdose and many required no supplemental fentanyl through 48 hours. [Viscusi 2005c, p1018] Not only did the extended-release morphine-treated patients require significantly less fentanyl, but they also had significantly reduced pain intensity at rest and with activity compared with placebo patients (P<0.05). [Viscusi 2005c, p1018] The adverse events were as expected for opioids and serious adverse events associated with extended-release morphine were dose-related. For that reason, only a 10-20 mg dose is recommended. [DepoDur PI, p2] The authors concluded that extended-release morphine liposomal preparation provides a new option for managing postoperative pain after lower extremity orthopedic surgery. The preparation provided pain control for 48 hours and negated the use of an indwelling epidural catheter. [Viscusi 2005c, p1022] The reduced need for IV PCA reduces the risk of errors that associated with IV PCA and eliminates the use of the cumbersome external pump, improving the patients’ mobility.
Intravenous Acetaminophen

Administration of acetaminophen has been recommended by practice guidelines as an adjunct analgesic in multimodal pain management. [Practice Guidelines 2004, p1577] Absence of adequate multimodal therapy is one of the reasons for analgesic gaps. Acetaminophen is a well-established analgesic with a good safety profile, few contraindications, and a lack of significant drug interactions. Hepatic toxicity can occur with acetaminophen overdose, but is relatively rare. [Sinatra 2005, p822] These characteristics make acetaminophen an ideal candidate for postoperative analgesia: it provides rapid and effective pain relief, has a low incidence of adverse effects, has minimal impact on major organ systems, and has limited drug interactions. However, until recently IV acetaminophen has not been available because is does not dissolve well in water and it is not stable in solution. [Sinatra 2005, p822]
A ready-to-use formulation of IV acetaminophen has been developed. It does not need to be reconstituted and is not associated with pain at the injection site. [Flouvat 2004, p55] IV acetaminophen is bioequivalent and therapeutically equivalent to propacetamol, a prodrug of acetaminophen used in Europe. [Flouvat 2004, p56, p57] A randomized, double-blind, placebo-controlled, three-parallel group multicenter study compared IV acetaminophen (1 g) with IV propacetamol (2 g) or placebo in patients (N=156) undergoing total hip or knee replacement surgery. [Sinatra 2005, p 823] All study medications were infused over 15 minutes at 6 hour intervals for 24 hours. Patients had access to rescue morphine IV PCA. Pain intensity, pain relief, and use of rescue medications were evaluated. After a single dose, patients treated with either IV acetaminophen or IV propacetamol had significantly better pain relief and pain intensity scores than patients receiving placebo (P<0.05). [Sinatra 2005, p 825] There was no significant difference between IV acetaminophen or IV propacetamol. The median times to first use of rescue medication were 3 hours for IV acetaminophen and 2.6 hours for IV propacetamol, which was significantly longer than 0.8 hours for placebo (P<0.001). Accordingly, the morphine consumption was significantly lower for patients treated with IV acetaminophen or IV propacetamol compared with placebo (P<0.01). Over 24 hours, IV acetaminophen-treated patients used 33% less morphine and IV propacetamol-treated patients used 29% less than placebo patients. [Sinatra 2005, p 826] Drug-related adverse events were reported in 8.2%, 50%, and 17.3% of patients treated with IV acetaminophen, IV propacetamol, and placebo, respectively. [Sinatra 2005, p827] The data suggests that IV acetaminophen will be a useful addition to the multimodal analgesia armamentarium.
Selective Opioid Antagonists


Gastrointestinal side effects—impairment of bowel motility, abdominal discomfort, bloating, nausea, vomiting, and postoperative ileus—are a common postoperative complication associated with opioid use and the release of endogenous opioids, a consequence of the stress of surgery. [Taguchi 2001, p935] When those side effects are severe enough, opioid dosing may need to be limited, potentially leading to inadequate pain control. Further, postoperative recovery of normal colonic motility is a requirement for hospital discharge and is important for medical cost control. [Viscusi 2006, p69] Research shows that opioid-related gastrointestinal side effects can be moderated by opioid antagonists such as naloxone. [Meissner 2000, abs] However, the opioid antagonist can be absorbed through the gastrointestinal tract, inhibit the analgesic effects of the opioids, and produce opioid withdrawal symptoms. [Meissner 2000, abs] Since the gastrointestinal side effects are mediated, in part, by the peripheral mu-opioid receptors that line the gastrointestinal system, a drug that can selectively block the mu receptors would be able to improve the side effect profile of opioids while maintaining the standard analgesic efficacy of opioids. Two such drugs are in development: alvimopan and methylnaltrexone.
Alvimopan

Alvimopan (Entereg®) is a novel, oral, peripherally acting mu opioid receptor antagonist with limited ability to cross the blood brain barrier. It will be used to manage postoperative ileus. In November 2006 alvimopan received an approval letter from the FDA. 
The efficacy of alvimopan was evaluated in a randomized, double-blind, placebo-controlled, parallel-group, multicenter study. [Wolff 2004, p729]  Patients (N=510) who were undergoing bowel resection with primary anastomosis or radical total abdominal hysterectomy and scheduled to receive IV PCA with opioids, received either alvimopan (6 or 12 mg) or placebo prior to surgery and twice daily until discharge. The primary efficacy endpoint was time to recovery of gastrointestinal function. Both doses of alvimopan significantly accelerated the time to recovery of gastrointestinal function compared with placebo (P<0.05). [Wolff 2004, p730] When gastrointestinal recovery was defined as the latest time the patient first tolerates solid food and first passes either flatus or a bowel movement, the mean time to recovery was accelerated by 15 and 22 hours in the 6 mg and 12 mg alvimopan groups, respectively, compared with placebo. Since flatus is subject to variability, gastrointestinal recovery was also defined as the latest time the patient first tolerates solid food and has first bowel movement. [Wolff 2004, p729] When defined in that manner, the mean time to recovery was accelerated by 20 and 28 hours in the 6 mg and 12 mg alvimopan groups, respectively, compared with placebo. Discharge orders were written 13-20 hours earlier for the alvimopan-treated patients compared with placebo. IV PCA opioid consumption was not altered by alvimopan treatment and the daily and maximum postoperative pain scores were comparable between the three groups. [Wolff 2004, p730] The incidence of adverse events was similar between groups. These safety and efficacy findings were duplicated in an additional phase III trial. [Viscusi 2006] The authors of both studies concluded that alvimopan accelerated recovery of gastrointestinal function without antagonizing opioid analgesia. [Wolff 2004, p732; Viscusi 2006, p69]
Methylnaltrexone


Methylnaltrexone is a quaternary derivative of naltrexone, but unlike the non-selective pure opioid antagonists naloxone and naltrexone, methylnaltrexone does not cross the blood brain barrier. Therefore methylnaltrexone antagonizes only peripherally located opioid receptors and does not affect the centrally mediated analgesic effects of opioids. The IV form of methylnaltrexone is being investigated for the treatment of postoperative ileus. In July 2006, IV methylnaltrexone was designated for Fast Track status by the FDA because methylnaltrexone addresses an unmet medical need for a serious condition. This designation will expedite the regulatory review. A phase II study has been completed and phase III studies are beginning.

A phase II, randomized, double-blind, placebo-controlled trial evaluated the efficacy of IV methylnaltrexone in treating postoperative bowel dysfunction. Patients (N=65) undergoing segmental colectomies received opioids for pain and either 0.3 mg/kg of IV methylnaltrexone or placebo every 6 hours post-surgery for 24 hours to 7 days, depending upon gastrointestinal recovery. Gastrointestinal recovery was defined as time to tolerance of solid food and first bowel movement. Patients treated with IV methylnaltrexone tolerated full liquids significantly sooner than patients treated with placebo (70 ( 9 hours vs 100 ( 19 hours, respectively, P=0.05) and had their first bowel movement significantly sooner than placebo patients (97 ( 6 hours vs 120 ( 10 hours, respectively, P=0.01). Also, patients treated with IV methylnaltrexone were eligible for discharge an average of 30 hours sooner than patients who received placebo (119 ( 7 hours vs 149 ( 17 hours, respectively, P=0.03). [Viscusi 2005, abs] There were no differences in pain scores between the two groups. IV methylnaltrexone was well tolerated.

Practice guidelines recommend that dosing regimens should be selected that optimize efficacy while minimizing the risk of adverse events. [Practice Guidelines 2004, p1577] Overall, selective opioid antagonists are beneficial because they permit standard use of opioid analgesics while improving the opioid side effect profile. The selective opioid antagonists enhanced return to bowel function and reduced the time to hospital discharge. In theory, these benefits may improve the patient’s quality of life because the patient feels less abdominal discomfort and can go home sooner.
Summary
Patients using morphine IV PCA titrate to a level of comfort that is balanced by sedation, nausea, and dizziness. Patients like IV PCA because there are analgesia, and there is a uniform level of analgesia. [Harrison 1988, p457] Application of less complex technologies, such as transdermal PCA, may improve pain management for the patient, reduce medication errors, and decrease the burden on hospital staff. [Carr 2005, p288] The development of selective mu-opioid receptor antagonists (alvimopan and methylnaltrexone) can reduce gastrointestinal side effects associated with surgery and opioid use. Overall, these advances should improve pain management in the postsurgical patient.
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Figure 1: Overall pain intensity postsurgery in adults surveyed in 1995 and 2003.
[Insert figure from bottom slide on p15 of the slide deck. Slide is titled: Postoperative pain is still undermanaged.]
Figure 2: Theoretical relationship among dosing interval, analgesic drug concentration, and clinical effects when comparing patient-controlled analgesia (solid lines) with conventional intramuscular therapy (dashed lines). 

[Insert Figure 1 from White PF. Use of patient-controlled analgesia for management of acute pain. JAMA. 1988 Jan;259(2):243-247]

Figure 3: IONSYS™, the first fentanyl iontophoretic transdermal patient controlled analgesia system. [Figures cut from Prescribing Information]
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Figure 4: The multivesicular liposomal drug delivery system consists of microscopic, spherical particles composed of hundreds of non-concentric aqueous chambers that encapsulate the drug. The drug is gradually released. [Diagram from http://www.skyepharma.com/injectables_depofoam.html]
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Table 1: Methods to anonymously report medication errors to the US Pharmacopeia MER program [info from http://www.usp.org/patientSafety/mer/]
	Online reporting
	https://secure.usp.org/patientSafety/mer/merform.html

	Toll-free to request a report form
	1-800-23-ERROR (1-800-233-7767)

	Download report form
	http://www.usp.org/pdf/EN/patientSafety/medform.pdf

	Mail report form
	USP CAPS, 12601 Twinbrook Parkway, Rockville, MD 20852-1790

	Fax report form
	301-816-8532


1. Which of the following statements is false?

a. Published guidelines have influenced practice patterns and pain control.

b. Postoperative pain is still undermanaged.

c. Improving pain control can speed recovery.

d. Post-surgical pain is a concern to patients.

Answer: A

2. What is/are the cause(s) of analgesic gaps?

a. Intermittent dosing 

b. Transitioning between postsurgical epidural analgesia and IV PCA

c. Transitioning between IV PCA and oral analgesia

d. All of the above

Answer: D

3. Which of the following statements is true?

a. Patients prefer IV PCA but it is not as effective as IM analgesics.

b. Effective treatment with IV PCA requires a loading dose.

c. Although IV PCA allows patients to determine the dosing interval, the maximum total dose is administered over 24-hours.

d. Only morphine is available for IV PCA.

Answer: B

4. Choose the best answer to complete the sentence. Morphine IV PCA __________.

a. Should be used as monotherapy.

b. Can be given with preoperative oral NSAIDs or COX-2 inhibitors to reduce morphine requirements.

c. Should be used with basal infusions to improve analgesia in treatment-naïve patients with major surgery.

d. Is not typically associated with gastrointestinal side effects.

Answer: B

5. How should opioid-dependent/tolerant patients be managed perioperatively?

a. Preoperatively administer the patient’s daily maintenance or baseline opioid dose.

b. Advise the patient not to take their methadone or buprenorphine prior to surgery.

c. Avoid use of IV PCA with morphine.

d. Avoid basal infusion of morphine because the risk of respiratory depression is high.

Answer: A

6. Physicians practicing in the US should report problems associated with pain therapy to

a. ISMP

b. MEDMAR

c. MER

d. MAUDE

Answer: C

7. Which of the following statements is false?

a. Family members or hospital staff who administer PCA doses for the patient, by proxy, can cause overdosing.

b. Incorrectly programming the PCA pump is the most frequently reported practice-related problem.

c. Opiate toxicity can be detected with pulse oximetry readings.

d. Optimally patients should not be taught how to use the PCA immediately after surgery.

Answer: C

8. When prescribing IV PCA __________.

a. There is an oral to IV conversion range of 3:1 to 5:1 for hydromorphone.

b. Hydromorphone is the generic name for morphine.

c. Meperidine can be prescribed for patients with renal impairment.

d. More than one answer is correct.

Answer: A

9. Fentanyl transdermal PCA _________.

a. Is equivalent to the “patch.”

b. Needs to be programed for optimal delivery.

c. Provides post-surgical pain control equivalent to morphine IV PCA.

d. Does not need a loading dose.

Answer: C

10. What is/are the advantage(s) of morphine sulfate extended-release liposome epidural injection? 

a. It is efficacious for up to 24 hours.

b. It is used with indwelling epidural catheter.

c. It is safe to use with postoperative anticoagulants.

d. More than one of the above.

Answer: C

11. Why can indwelling epidural catheters be problematic?
a. They dislodge.

b. They fail to produce appropriate analgesia.

c. They are associated with an increased risk of hematoma.

d. All of the above. 

Answer: D

12. The newer technologies used for pain control, such as iontophoresis and liposomal delivery systems, do not

a. Use needle-free technology
b. Eliminate programing errors

c. Facilitate patient mobility

d. Provide faster onset of pain relief than IV PCA 

Answer: D

13. IV acetaminophen____________.

a. Can only be used for mild post-surgical pain.

b. Decreases the amount of morphine needed for analgesia.

c. Is associated with pain at the injection site.

d. Needs to be reconstituted before use.

Answer: B

14. To limit the side effects associated with morphine use, which of the following can be used as an adjunct to morphine?

a. Oral NSAIDs, IV acetaminophen, or selective opioid antagonists

b. Oral NSAIDs, an additional opioid IV PCA, or selective opioid antagonists

c. Oral COX-2 inhibitor, oral NSAID, or an additional opioid IV PCA

d. Fentanyl transdermal PCA or selective opioid antagonists

Answer: A

15. Which of the following statements regarding selective opioid antagonists (alvimopan and methylnaltrexone) is false?

a. They do not alter opioid consumption.

b. They have no effect on maximum postoperative pain scores.

c. They permit earlier hospital discharge.

d. They are efficacious because they cross the blood brain barrier.

Answer: D
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Directions: 

A score of 70% of higher on the post-test awards the participant one (1) AMA PRA Category 1 Credit™. To claim continuing education credit, individuals must complete the self-study activity, post-test, and evaluation. Please submit your answers only once through one of the methods listed below.

Participate online at:

CMEZone.com

Enter “TBD” in the keyword filed.

Or mail to: 

Attn: Distance Education
Continuing Education Office
Colleges of Pharmacy and Medicine
University of Kentucky
One Quality Street, 6th Floor
Lexington, KY 40507-1428

Or fax to: (859) 323-2920
Must be postmarked by April 30, 2008

Test Code: 

TBD

Participant Information (please print)
Name: _______________________________________________________________
Credentials: __________________ Specialty: ________________________________
Soc. Sec. #: _____ - ________ - ________ (for identification purposes only)
Address: ______________________________________________________________
City: _______________________________ State: _______ Zip: _________________

Daytime Phone: _________________________ 

Fax: _________________________________________________

E-mail: _______________________________________________________________
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Post-test Answers :
1. a b c d

2. a b c d

3. a b c d

4. a b c d

5. a b c d

6. a b c d

7. a b c d

8. a b c d

9. a b c d

10. a b c d

11. a b c d

12. a b c d

13. a b c d

14. a b c d

15. a b c d
PROGRAM EVALUATION


Ratings :
Poor
Satisfactory   Excellent

1. Extent to which the objectives were achieved:


1
2
3
4
5

2. Potential impact on your practice:


1
2
3
4
5

3. Detail of information presented:


1
2
3
4
5

4. Overall evaluation of this CME activity:

 
1
2
3
4
5

5. Presented in a fair and balanced manner: YES     NO

6. Suggestions for future CME topics:







�All of this data is from the slide set, p9. I searched the Maude site extensively and I could not verify the information. 


�Faculty – can you provide the reference for this?


�Faculty – this data is from the symposium – can you provide the source


�As far as I can tell this statement is accurate, but please double check.


�Heather – please check this – I think additional FDA guidance came out in Dec/Jan – there may be a press release on Adolor’s web site.


I did a search and I could not find anything further.  There is nothing more than this on the website. 
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