SGH 2002 Pharmacology Q3 & 4

Q3 A drug is given a loading dose then a regular dose. Half life of 30 hrs. Steady state is reached after:

Ans: 6 days    (5x30=150 hrs)

Q4 Lidnocaine is given as an IV bolus. What explains the reason the measured plasma conc is lower than what u would expect from the elimination half life of the drug:

Ans: Rapid uptake into adipose tissue

LIDOCAINE

· 2.0 PHARMACOKINETICS 
· 2.1 ONSET AND DURATION 
· 2.1.1 ONSET 
· A. INITIAL RESPONSE: 

· 1. ARRHYTHMIAS, INTRAVENOUS: 45 to 90 seconds (Thomson et al, 1973). 

· 2. PERIODONTITIS, TOPICAL (5% gel): 30 seconds (Friskopp et al, 2001). 

· a. Lidocaine/prilocaine 5% gel (Oraqix(R)) provides anesthesia after an application time of 30 seconds (Friskopp et al, 2001). 

· 3. LOCAL ANESTHESIA, TOPICAL (EMLA(R) cream/disc): 60 minutes (Prod Info EMLA(R), 2001). 

· a. Typically, for minor dermal procedures, lidocaine 2.5%/prilocaine 2.5% cream (EMLA(R)) requires at least 60 minutes, under an occlusive dressing for the cream, to become effective. For major dermal procedures EMLA(R) cream should remain in contact with the skin under an occlusive dressing for at least 2 hours. When applied to genital mucosa, onset time is 5 to 10 minutes (Prod Info EMLA(R), 2001). 

· 4. LOCAL ANESTHESIA, TOPICAL (2% jelly): 3 to 5 minutes (Prod Info Xylocaine(R) 2% Jelly, 2001). 

· a. Onset of action is 3 to 5 minutes when instilled into the urethra. Lidocaine 2% jelly is ineffective when applied to intact skin (Prod Info Xylocaine(R) 2% Jelly, 2001). 

· 2.1.2 DURATION 
· A. SINGLE DOSE: 

· 1. ARRHYTHMIAS, INTRAVENOUS: 10 to 20 minutes (Collinsworth, 1974; Thomson et al, 1973; Stenson et al, 1971). 

· a. In the absence of hepatic disease or congestive heart failure, the antiarrhythmic effect of a single IV dose disappears within 10 to 20 minutes due to drug redistribution (Collinsworth, 1974; Thomson et al, 1973; Stenson et al, 1971). 

· 2. PERIODONTITIS, TOPICAL (5% gel): 17 to 20 minutes (Friskopp et al, 2001). 

· a. After an application time of 30 seconds, lidocaine/prilocaine 5% gel (Oraqix(R)) provides anesthesia for approximately 17 to 20 minutes (Friskopp et al, 2001). 

· 3. LOCAL ANESTHESIA, TOPICAL (EMLA(R) cream/disc): 1 to 2 hours (Prod Info EMLA(R), 2001). 

· a. Following removal, dermal analgesia can be expected to persist for 1 to 2 hours (Prod Info EMLA(R), 2001). 

· 2.2 DRUG CONCENTRATION LEVELS 
· 2.2.1 THERAPEUTIC 
· A. THERAPEUTIC DRUG CONCENTRATION: 

· 1. ARRHYTHMIAS, 1.5 to 6 mcg/mL (Campbell & Williams, 1998; Anon, 1989; Benowitz & Meister, 1978; Gianelly et al, 1967). 

· a. Unbound lidocaine ranges from 0.5 to 1.5 mcg/mL. Measurement of unbound levels may be preferable in post-myocardial infarction patients (Routledge et al, 1982). Values for whole blood would be 80% of plasma levels (Reid, 1976). 

· 2. LOCAL ANESTHESIA: 

· a. Factors that influence systemic absorption of locally administered lidocaine include the speed and site of injection, dose and concentration of lidocaine, and the addition of a vasoconstrictor such as epinephrine. A linear relationship between dosage and plasma lidocaine level exists. In general, higher plasma levels are achieved with the administration of large volumes or high concentrations. The vascularity at the site of injection can significantly alter plasma levels. In areas of high vascularity the rate of absorption increases and produces high plasma levels of lidocaine. Epinephrine increases the intensity and duration of action of locally administered lidocaine and appreciably lowers plasma levels from all injection sites (Pieper & Rodman, 1986; AMA, 1980; Braid & Scott, 1965). 

· b. Following a 24-hour application of 5% EMLA(R) cream (median application, 6.75 grams), in 10 hospitalized patients with chronic painful leg ulcers (median ulcer area of 68 cm(2)), peak lidocaine plasma levels (Cmax) ranged from 185 to 705 ng/mL and occurred between 2 to 4 hours after application. After 24 hours the remaining plasma levels were minimal. The results indicate that a 24-hour application of 5% EMLA(R) cream results in Cmax levels of lidocaine (and prilocaine), which combined are less than one-fifth of those associated with toxic reactions (Stymne & Lillieborg, 2001). 

· c. In a study involving 20 healthy volunteers, four 5% lidocaine patches were applied on day 1 to the backs of subjects and 18 hours later they were removed. On days 2 and 3 this procedure was repeated with fresh patches. Results showed that lidocaine plasma levels increased with time, reaching peak plasma levels (Cmax) toward the end of each dosing interval (18 hours after application), and then declined rapidly to minimum levels (Cmin). Mean Cmax levels ranged from 145.1 ng/mL on day 1 to 153.8 ng/mL on day 3. These concentrations are approximately 1/10 of the therapeutic concentration required for the treatment of cardiac arrhythmias. This small study indicates that the application of 4 lidocaine 5% patches for 18 hours a day for 3 consecutive days is well tolerated and results in steady-state plasma levels within 3 days without drug accumulation (Gammaitoni & Davis, 2002). 

· 3. EPIDURAL ANESTHESIA: 

· a. During continuous epidural anesthesia, the addition of epinephrine to lidocaine solutions reduces plasma lidocaine concentrations only transiently (Kihara et al, 1999). Lidocaine plasma concentrations resulting from epidural administration of 3 mg/kg plus epinephrine for regional anesthesia in elective abdominal surgery were statistically similar between elderly (mean age: 77 years) and younger (mean age: 42 years) females (less than 1.5 mcg/mL at all timepoints) (Fukada et al, 2000). 

· 4. CHRONIC PAIN, approximately 2 to 6 mcg/mL (Campbell & Williams, 1998). 

· 5. SI UNIT CONVERSION: 

· a. To convert Traditional Units (mcg/mL) into SI Units (mcmol/L) multiply Traditional Units by 4.267. 

· b. To convert SI Units (mcmol/L) into Traditional Units (mcg/mL) divide SI Units by 4.267. 

· B. TIME TO PEAK CONCENTRATION: 

· 1. INTRAMUSCULAR: 30 minutes to 2 hours (Oltmanns et al, 1982; Scott, 1971). 

· 2. LARYNGEAL-TRACHEAL: 5 to 10 minutes (Melby et al, 1986). 

· a. Peak serum levels ranging from 1.4 to 2.8 mcg/mL within 5 to 10 minutes following endotracheally administered lidocaine 1.5 mg/kg in sterile water have been reported (Melby et al, 1986). 

· b. In a study involving 96 pediatric patients, aged 2 weeks to 12 years, lidocaine 4 mg/kg as a 4% solution was sprayed on the larynx and subglottic area, the time to peak ranged from 5.7 to 11.7 minutes and peak levels ranged from 4.3 to 5.6 mcg/mL (Eyres et al, 1983). 

· 3. PARACERVICAL: 10 minutes (Tissot et al, 1997). 

· a. Mean peak lidocaine levels (Cmax) of 5.14 mg/L (range 3.03 to 7.32 mg/L) were reached in 10 minutes (Tmax) after an average dose of 343 mg in patients undergoing cervical plexus block (Tissot et al, 1997). 

· 2.2.2 TOXIC 
· A. Plasma levels greater than 4 mcg/mL have been associated with toxic effects, including drowsiness and dizziness. Levels greater than 9 mcg/mL are associated with more severe toxicity (Lie et al, 1974; Gianelly et al, 1967). 

· B. In order to avoid toxic reactions following local administration of lidocaine several precautions need to be observed: the least volume of the most dilute solution that is effective should be used; the rate of injection should be slow; multiple divided doses or submucosal injection of anesthesia may decrease the vascular involvement; prophylactic diazepam may be indicated before certain local anesthesia procedures to raise the seizure threshold (AMA, 1980; Grimes, 1976). 

· 2.3 ADME 
· 2.3.1 ABSORPTION 
· A. BIOAVAILABILITY (F): 

· 1. ORAL: 35% (Boyes et al, 1971). 

· a. Lidocaine is absorbed from the gastrointestinal tract, enters the hepatic portal circulation, and is rapidly metabolized by the liver. Only 35% of the drug is absorbed and doses of 250 to 500 mg in adults result in subtherapeutic plasma concentrations. However, oral absorption can produce therapeutic and even toxic plasma levels (Boyes et al, 1971; Parkinson et al, 1970). 

· 2. INTRAMUSCULAR: Adequate (Oltmanns et al, 1982; Scott, 1971). 

· a. Adequate therapeutic levels occur if injected into vascular muscle sites (eg, deltoid muscle is preferable to the gluteus or vastus lateralas) and in the presence of adequate blood circulation to that site (Scott, 1971). One study reported that a single 300 mg IM injection (deltoid muscle) produced therapeutic antiarrhythmic plasma levels within 2 hours (Oltmanns et al, 1982). 

· 3. EPIDURAL: Extensive (Downing et al, 1997). 

· a. During cesarean section, an epidural infusion of lidocaine 2% with epinephrine 1:200,000 (5 milliliters) has elicited a mean peak maternal arterial lidocaine concentration of 6.4 mcg/mL at 31 minutes. The ratio of umbilical venous to maternal arterial levels was 0.43 (Downing et al, 1997). 

· b. During continuous epidural anesthesia, the addition of epinephrine to lidocaine solutions reduces plasma lidocaine concentrations only transiently (Kihara et al, 1999). 

· 4. TOPICAL: 3% (Prod Info Lidoderm(R), 2000; Comer & Lamb, 2000). 

· a. With lidocaine 5% patch, approximately 3% of the dose applied is absorbed. The amount of systemic absorption of lidocaine from the patch(es) is related to the duration of application and the surface area of application. With 3 patches (2100 mg), worn on a patient's back (420 cm(2)) for 12 hours, the mean peak blood level of lidocaine is about 0.13 mcg/mL (Prod Info Lidoderm(R), 2000). 

· b. In a study involving 20 healthy volunteers, four 5% lidocaine patches were applied on day 1 to the backs of subjects and 18 hours later they were removed. On days 2 and 3 this procedure was repeated with fresh patches. Results showed that lidocaine plasma levels increased with time, reaching peak plasma levels (Cmax) toward the end of each dosing interval (18 hours after application), and then declined rapidly to minimum levels (Cmin). Mean Cmax levels ranged from 145.1 ng/mL on day 1 to 153.8 ng/mL on day 3. These concentrations are approximately 1/10 of the therapeutic concentration required for the treatment of cardiac arrhythmias. This small study indicates that the application of 4 lidocaine 5% patches for 18 hours a day for 3 consecutive days is well tolerated and results in steady-state plasma levels within 3 days without drug accumulation (Gammaitoni & Davis, 2002). 

· c. The amount of lidocaine and prilocaine absorbed from EMLA(R) cream is directly related to the duration of application and to the area over which it is applied. At recommended doses, peak blood levels of lidocaine and prilocaine are generally well below the levels which produce systemic toxicity (Prod Info EMLA(R), 2001). 

· d. Following a 24-hour application of 5% EMLA(R) cream (median application, 6.75 grams), in 10 hospitalized patients with chronic painful leg ulcers (median ulcer area of 68 cm(2)), peak lidocaine plasma levels (Cmax) ranged from 185 to 705 ng/mL and occurred between 2 to 4 hours after application. After 24 hours the remaining plasma concentrations were minimal. The results indicate that a 24-hour application of 5% EMLA(R) cream results in Cmax levels of lidocaine (and prilocaine), which combined are less than one-fifth of those associated with toxic reactions (Stymne & Lillieborg, 2001). 

· e. Following topical application of lidocaine/prilocaine 5% gel (Oraqix(R); 0.1 to 3.5 grams) to the bottom of periodontal pockets, peak plasma levels of lidocaine (99 to 266 ng/mL) and prilocaine (46 to 118 ng/mL) occur 20 to 40 minutes after application and are well below the levels reported to cause systemic toxicity (Friskopp & Huledal, 2001). 

· 5. INTRACAMERAL: Minimal (Wirbelauer et al, 1999). 

· a. Serum lidocaine levels were below a minimum detectable level of 100 nanograms/mL following injection of 0.5 mL lidocaine 1% into the anterior chamber of the eye during cataract surgery (Wirbelauer et al, 1999). 

· 2.3.2 DISTRIBUTION 
· 2.3.2.1 DISTRIBUTION SITES 
· A. TOTAL PROTEIN BINDING: 33% to 80% (Prod Info 5% Xylocaine-MPF(R), 2000; Bennett et al, 1987; Eriksson, 1966). 

· 1. Protein binding is dependent on both plasma drug and alpha-1-acid glycoprotein concentrations. At concentrations of 1 to 4 mcg/mL of free base, lidocaine is 60% to 80% protein bound (Prod Info 5% Xylocaine-MPF(R), 2000; Bennett et al, 1987; Eriksson, 1966). 

· 2. Protein binding is increased in uremic patients and renal transplant recipients (Grossman et al, 1982). 

· 3. Protein binding is enhanced following acute myocardial infarction because of elevated levels of alpha-1-acid glycoprotein. Free lidocaine levels, however, do not change significantly during this time. Therefore, therapeutic monitoring of total plasma levels may be misleading following acute myocardial infarctions (Routledge et al, 1981; Routledge et al, 1980). 

· 4. Protein binding is enhanced in epileptic patients because of elevated levels of alpha-1-acid glycoprotein (Routledge et al, 1981a). 

· B. OTHER DISTRIBUTION SITES: 

· 1. CEREBROSPINAL FLUID 
· a. Lidocaine crosses the blood-brain barrier by passive diffusion. When the penetration of metabolites was analyzed it was found that monoethylglycinexylidide penetration into the CSF was slow, but glycinexylidide could not be detected (Prod Info 5% Xylocaine-MPF(R), 2000; Laurikainen et al, 1983). 

· 2. PLACENTA, rapid (Prod Info 5% Xylocaine-MPF(R), 2000; Briggs et al, 1998; Datta et al, 1980; Rosen et al, 1975). 

· a. Lidocaine rapidly crosses the placenta by passive diffusion. Distribution across the placenta may be sufficient enough to enter the fetus and reach toxic levels. Lidocaine is detectable in both maternal and fetal blood following subarachnoid injection; however, concentrations are very low compared with those following epidural use. Lidocaine appears in fetal circulation within a few minutes after administration to the mother. Cord to maternal serum ratios after intravenous and epidural anesthesia range between 0.5 to 0.7, but have been reported as high as 1.32 (Prod Info 5% Xylocaine-MPF(R), 2000; Briggs et al, 1998; Datta et al, 1980; Rosen et al, 1975). 

· 3. TISSUES, extensive (Rosen et al, 1975; Benowitz et al, 1974). 

· a. Lidocaine is distributed initially into highly-perfused tissues (ie, kidneys, lungs, liver, heart). Within 30 seconds, 70% of the injected drug has entered these highly perfused tissues with less than 1% metabolized. Lidocaine is also distributed into fat tissue (Rosen et al, 1975; Benowitz et al, 1974). 

· 2.3.2.2 DISTRIBUTION KINETICS 
· A. DISTRIBUTION HALF LIFE: 15 to 30 minutes (Rowland et al, 1971). 

· 1. During cardiopulmonary bypass, the distribution half-life decreases and the elimination half-life and volume of distribution at steady state approximately double. However, the rate of clearance from the plasma remains unaltered. One study attributes these changes to an increase in unbound, free lidocaine caused by hemodilution of albumin during cardiopulmonary bypass (Morrell & Harrison, 1983). 

· 2. Distribution half-life of monoethylglycinexylidide (MEGX) ranges from 4 to 48 minutes (Thomson et al, 1987; Halkin et al, 1975). 

· B. VOLUME OF DISTRIBUTION (Vd): 1.7 L/kg (Thomson et al, 1973; Rowland et al, 1971). 

· 1. Vd is 1.7 L/kg in normal patients and 1 L/kg in patients with heart failure (Thomson et al, 1973; Rowland et al, 1971). 

· 2. Distribution and metabolism are significantly impaired during cardiopulmonary resuscitation (Chow et al, 1981). Physiologic changes which occur during prolonged bed rest have not been reported to effect distribution or elimination (Kates et al, 1980). 

· 3. During cardiopulmonary bypass, the distribution half-life decreases and the elimination half-life and volume of distribution at steady state approximately double. However, the rate of clearance from the plasma remains unaltered. One study attributes these changes to an increase in unbound, free lidocaine caused by hemodilution of albumin during cardiopulmonary bypass (Morrell & Harrison, 1983). 

· 2.3.3 METABOLISM 
· 2.3.3.1 METABOLISM SITES AND KINETICS 
· A. LIVER, 90% (Elvin et al, 1981; Zito & Reid, 1981). 

· 1. Approximately 90% of a dose is metabolized via deethylation in the liver (Elvin et al, 1981; Zito & Reid, 1981). 

· 2. The rate of metabolism is significantly dependent on the rate of hepatic blood flow and, as a result, may be impaired in patients after acute myocardial infarction and/or congestive heart failure. The reappearance of arrhythmias shortly after initiating therapy in patients without heart failure may be due to an enhanced hepatic clearance secondary to increased hepatic blood flow. Hepatic clearance of intravenous lidocaine is enhanced following the ingestion of a high protein meal due to an increase in hepatic blood flow (Elvin et al, 1981; Zito & Reid, 1981). 

· 3. Metabolism and distribution are significantly impaired during cardiopulmonary resuscitation (CPR). Prolonged cardiac arrest is associated with a sustained reduction in metabolism, suggesting that the use of conventional doses could produce toxic plasma concentrations. However, the results of 1 study suggests that there is no relationship between duration of CPR and plasma lidocaine levels. In addition, the effects of CPR on lidocaine metabolism appears to be of little clinical significance in typical situations (Hendrie & O'Callaghan, 1996; Chow et al, 1983; Chow et al, 1981). 

· 4. First pass metabolism appears to be enhanced in epileptic patients, reducing oral bioavailability (Perucca et al, 1980). 

· 2.3.3.2 METABOLITES 
· A. MONOETHYLGLYCINEXYLIDIDE (MEGX), (active) (Prod Info 5% Xylocaine-MPF(R), 2000; Halkin et al, 1975). 

· 1. Monoethylglycinexylidide (MEGX) is similar in pharmacology and toxicity to lidocaine, but is less potent. MEGX is further metabolized to xylidine and N-ethylglycine. Although all the pharmacological effects of MEGX are not yet clearly elucidated, MEGX does possess convulsant activity in rats (Prod Info 5% Xylocaine-MPF(R), 2000; Halkin et al, 1975; Strong et al, 1975; Blumer et al, 1973). 

· 2. During continuous epidural anesthesia, the addition of epinephrine to lidocaine solutions tends to result in lower plasma concentrations of monoethylglycinexylidide (MEGX)(Kihara et al, 1999). The plasma MEGX to lidocaine ratio was significantly higher in younger (mean age: 42 years) than elderly (mean age: 77 years) females at 120, 150 and 180 minutes after epidural administration of lidocaine 3 mg/kg plus epinephrine for regional anesthesia in elective abdominal surgery. The authors speculated that the slower metabolic transformation in the older adults may be explained by decreased cytochrome P450-3A4 activity and/or hypotension- induced reduction in liver blood flow (Fukada et al, 2000). 

· B. GLYCINEXYLIDIDE (GX), (active) (Prod Info 5% Xylocaine-MPF(R), 2000; Halkin et al, 1975). 

· 1. Glycinexylidide is similar in pharmacology and toxicity to lidocaine, but is less potent. Although all the pharmacological effects of glycinexylidide are not yet clearly elucidated, glycinexylidide does produce central nervous system toxicity (ie, headache, seizures) (Prod Info 5% Xylocaine-MPF(R), 2000; Halkin et al, 1975; Strong et al, 1975; Blumer et al, 1973). 

· 2. During continuous epidural anesthesia, the addition of epinephrine to lidocaine solutions does not appear to affect plasma concentrations of glycinexylidide (GX)(Kihara et al, 1999). 

· 2.3.4 EXCRETION 
· 2.3.4.1 BREAST MILK 
· A. BREASTFEEDING: SAFE 

· 1. Lidocaine is excreted into human breast milk and the milk:plasma ratio of lidocaine is 0.4 (Prod Info Lidoderm(R), 2000). The American Academy of Pediatrics considers lidocaine to be compatible with breastfeeding (Anon, 1994). 

· 2.3.4.2 KIDNEY 
· A. RENAL EXCRETION: Approximately 90% (Prod Info 5% Xylocaine-MPF(R), 2000; Rosen et al, 1975; Thomson et al, 1973). 

· B. Approximately 90% of lidocaine is excreted in the form of metabolites and less than 10% of the drug is excreted unchanged (Prod Info 5% Xylocaine-MPF(R), 2000; Rosen et al, 1975; Thomson et al, 1973). Urinary excretion of unchanged drug is partly dependent on urinary pH. Acid urine is reported to result in a larger fraction excreted in the urine (Collinsworth, 1974). 

· 2.3.5 HALF-LIFE 
· 2.3.5.1 PARENT COMPOUND 
· A. ELIMINATION HALF-LIFE: 1.5 to 2 hours (Thomson et al, 1973; Boyes et al, 1971; Rowland et al, 1971). 

· 1. In the absence of hepatic disease or congestive heart failure, the half-life is 1.5 to 2 hours (average: 1.8 hours) (Thomson et al, 1973; Boyes et al, 1971; Rowland et al, 1971). 

· 2. Half-life may be prolonged in patients with liver failure (average 343 minutes) or heart failure (average 136 minutes) (Thomson et al, 1973). 

· 3. During cardiopulmonary bypass, the distribution half-life decreases and the elimination half-life and volume of distribution at steady state approximately double. However, the rate of clearance from the plasma remains unaltered. One study attributes these changes to an increase in unbound, free lidocaine caused by hemodilution of albumin during cardiopulmonary bypass (Morrell & Harrison, 1983). 

· 2.3.5.2 METABOLITES 
· A. Monoethylglycinexylidide (MEGX), 1 to 6 hours (Thomson et al, 1987; Halkin et al, 1975). 

· 1. In 1 study the half-life of MEGX was 1.2 to 3.3 hours. In another study the mean half-life of MEGX was 6.4 +/- 2.2 hours. Distribution half-life of MEGX ranges from 4 to 48 minutes (Thomson et al, 1987; Halkin et al, 1975). 

· B. Glycinexylidide (GX), 1 hour (Campbell & 

· 3.3 ADVERSE REACTIONS 
· 3.3.1 BLOOD 
· A. METHEMOGLOBINEMIA 
· 1. SUMMARY: Methemoglobinemia has occurred following intravenous and topical administration of lidocaine. In most cases, methemoglobinemia was mild, not clinically significant, and resolved spontaneously; however, some patients have required treatment with oxygen and/or methylene blue (Karim et al, 2001; Brisman et al, 1998; Kumar et al, 1997a; Weiss et al, 1987). 

