Pharmacology 7:  Neuro, Ophtho, Geriatrics, Psych, Pain, Shock

Review of Neurotransmitters:

· Glutamate is the major excitatory NT at more than 70% of synapses in the nervous system.  Glutamate acts at dendritic spines, and these excitatory synapses have post-synaptic densities making them appear ‘asymmetric.’  It excites cells via an influx of Na and Ca.  Glutamate excitation also leads to release of neuronal growth factors that are good for the brain. 
· Glutamate changes conformation to fit multiple receptor types, including NMDA (strong, Ca/Na entry), AMPAR (mostly Na), and metabotropic receptors that act via second messengers.  NMDA receptors help encode memory by reinforcing and strengthening signaling that occurs with repeated, synchronous stimuli.  Different drugs can target these different receptors.  

· Glial cells have glutamate transporters (EAAT) that remove glutamate from the synapse and recycle it to the pre-synaptic neuron.  These consume lots of energy and are critical in preventing excess excitation.  Glucose is essential to the action of these pumps, and uptake of glucose into the brain corresponds with the density of synaptic activity. 

· GABA is the major inhibitory NT at more than 15% of synapses.  In increases Cl- influx to hyperpolarize cells.  Like excitatory synapses for glutamate, inhibitory synapses have transporters that remove the GABA and recycle it (they actually convert it to glutamate once they remove it).  Glutamate and GABA are metabolically linked, with GABA being formed by a decarboxylation of glutamate.  GABA acts at the shafts of dendrites, so that it can potently inhibit an integrated signal in the neuron.

· Seizures are largely due to an imbalance between glutamate and GABA signaling.  Epilepsy describes repeated seizures.  During seizure, you see repetitive, sustained neuronal depolarization.  Normally a glutamate excitation is followed by GABA inhibition so that you get 1 sharp spike.  Without GABA, you can get continuous excitation.  

· Glutamate (MSG) and GABA sold at health food stores don’t cross the BBB well, so have negligible effects.  

· Glutamate and GABA are intimately involved in normal brain development and plasticity.  The balance between them regulates the pruning of synapses in adolescence (in kids synaptic activity controls refinement of synaptic connections…when axons fire together they stimulate trophic factors).  They are also involved with activity dependent plasticity that accounts for recovery of brain function after injury.  
· Long term potentiation is a physiologic correlate of memory formation in the hippocampus.  Intense stimulation leads to enhanced response to stimulus.  It’s mediated by trafficking of AMPARs to or from the synaptic cleft.  Drugs can block AMPARs, but if given at too high doses, they can impair memory (ex: anti-seizure drugs). 

· With injury (stroke, hypoxia/ischemia, hypoglycemia) glutamate receptors are open excessively and toxic levels of calcium enter neurons (excitotoxicity).  Glutamate accumulates due to pump inactivity when oxygen and glucose are sparse.  Increased glutamate can contribute to damage in motor neuron disease and Alzheimer’s.  Regions enriched in excitatory pathways (ex: CA1 of the hippocampus) are particularly vulnerable to excitotoxicity. 

· The drug topiramate blocks AMPA-receptors and is commonly used to treat migranes and epilepsy. 

· Serotonin is used by neurons that project from the raphe nucleus in the pons and into the cerebral cortex.  Headache (esp. migrane) and depression are the two disorders involving serotonin.  “Triptan” serotonin agonist drugs act at the post-synaptic receptor and are commonly used to prevent or terminate migranes.  Drugs that block re-uptake of serotonin (SSRIs) into presynaptic transporters are commonly used to treat depression.  MAO breaks down serotonin.  Basically serotonin makes you feel better.  
· Dopamine is a catecholamine NT involved in Parkinson’s and schizophrenia.  Degeneration of the nigrostriatal dopamine pathway (and basal ganglia) is involved in Parkinson’s, causing rigidity and tremor.  Parkinson’s patients are also at risk for depression based on DA neuron degeneration.  DA is involved with the brain’s reward pathways, being activated for things like money and humor.  Cocaine blocks DA re-uptake.  DA agonist drugs (dopamine precursors like L-dopa or DA receptor agnoists) for Parkinson’s have been associated with gambling and hyper-sexuality.

· Overacitivity of the mesolimbic dopamine pathway is involved in schizophrenia, and anti-psychotics block dopamine receptors (but can also cause Parkinson’s signs while being administered).  

· ACh neurons projecting from the basal forebrain (nucleus basalis) to the cortex degenerate early in Alzheimer’s dementia.  ACh is released, broken down by AChesterase, and returned to the presynaptic cell as choline.  Loss of ACh leads to the memory loss and behavioral changes of AD.  AChesterase inhibitors are approved to improve memory and behavior in patients with Alzheimer’s.  

General Anesthesia (Pharm):

· General anesthetics may be inhaled (NO which doesn’t require vaporization, or potent/volatile/halogenated anesthetics stored as liquid then vaporized) or IV (good for inducing anesthesia rapidly, and also maintaining it with a continuous infusion).

· Anesthesia is a state of reversible consciousness characterized by hypnosis (loss of awareness via targeting the brain), amnesia (loss of antegrade memory via targeting the brain), analgesia (insensitivity to pain via targeting the brain and spinal cord) and immobility (via targeting the spinal cord).  

· The minimum (median) alveolar concentration (MAC) is how potency of anesthetics is measured.  It’s the concentration that abolishes movement to noxious stimuli in 50% of patients.  These are defined for the population, but must be determined by observation for each patient.  Increased age, use of other sedative drugs, and hypothermia can reduce MAC and make anesthetics more potent.

· Stage I anesthesia includes analgesia and amnesia.  Stage II includes hypnosis, and maybe delirium.  Stage III is surgical anesthesia.  Stage IV is medullary depression, where you start to see dangerous reduction in respiration.  The progression from stage I to IV occurs with increasing concentrations of anesthetic in the CNS. 2-4x the MAC is usually a lethal concentration without life support, so these drugs have a pretty narrow therapeutic index and require continuous monitoring by an anesthesiologist.  

Inhaled Anesthesia:

· With inhaled general anesthesia, gas is administered to raise the partial pressure of anesthetic gas in the brain and spinal cord.  It immediately equilibrates with blood in the alveoli and travels to the CNS (and systemically too) where it diffuses and equilibrates with target sites.  If the amount of exhaled anesthetic gas > inhaled anesthetic gas, the partial pressure in the alveoli will fall and the patient will eventually wake up.  

· Key points:  Onset of anesthesia is determined by the partial pressure of gas in the CNS (PCNS) not the concentration (but these are proportional…so really it’s the same thing).  At equilibrium, PCNS and Palveoli are equal, so effectively Palveoli governs the onset of anesthesia.  Blood flow into the CNS doesn’t affect the magnitude of PCNS at equilibrium, just how long it takes to reach equilibrium.  In addition to blood flow, other things (the solubility of a gas and gradient between alveolar and venous pressure) affect how fast PCNS equilibrates with Palveoli.

· Anesthetic gasses diffuse fastest into the brain and heart, at intermediate speeds into muscle, and at slow rates into fat.  

· Gas concentration = Partial pressure x solubility.  Insoluble gasses can be used at lower concentrations than more soluble gasses to achieve similar partial pressures.  Because you can achieve a desired partial pressure with transfer of fewer gas molecules, insoluble gasses allow you to put a patient to sleep faster (it takes less time because you have to get less of the drug into the patient).  

· The flow rate into a compartment (ex: CNS) and the capacity of that compartment determine how long it’ll take to reach a certain partial pressure (measured as the time constant, τ=capacity/inflow).  63% of equilibrium occurs in 1τ, and 95% of equilibrium will occur in 3τ.  In the absence of any uptake, an anesthetic gas in the lungs (and the gas in the arteries) will equilibrate with the gas being administered from the machine in ~1.5 minutes.  

· In real life, there’s also removal of the anesthetic (uptake) from whatever compartment you’re looking at (ex: in the lungs, uptake occurs as gas moves into the arterial circulation), which slows down the rate at which the partial pressure rises (in the lungs in this case).  In this situation, things that increase uptake include increased solubility of the anesthetic, increased cardiac output (more blood flows through and more gas is taken up) and an increased partial pressure gradient between the alveoli and mixed venous blood.  
· Uptake is just the product of those three things, divided by the barometric pressure:  Uptake = solubility x flow x (Part-Pvein) / Pbarometric
· The uptake of an anesthetic into a tissue is determined by the target tissue’s size, blood flow, and solubility of the anesthetic.  Tissues that are rich in vessels (brain, heart) are saturated very quickly due to small size and high flow.  Fat is the opposite because it gets limited flow, makes up a small percentage of body mass and has high solubility.  Muscle is in between.

· Induction of anesthesia can be accelerated by increasing the gas concentration, increasing the ventilation (by patient or via assisted ventilation), choosing an anesthetic with less solubility, and decreasing a patient’s cardiac output (patients in shock may get a rapidly increased Part that induces cardiac arrest, so inhaled anesthetics should be avoided in them). 

· Inhaled anesthetics are mostly removed by the lungs, and the sequence of events in anesthesia induction is reversed.  This can be hastened with increased ventilation.  

· P450 enzymes metabolize all volatile anesthetics, but it’s usually negligible (with the exception of Halothane).  Halothane can be more rapidly eliminated, and patients may recover more quickly than would be expected based on its solubility properties.  The metabolite of Halothane can react with hepatic membrane proteins and cause halothane hepatitis.  
· Nitrous Oxide (NO):  This cannot produce complete anesthesia (so its MAC is over 100%, but the highest safe dose is 79%...fairly low potency), and it does not require a vaporizer.  It’s pretty insoluble, it’s not metabolized and it shows rapid onset and recovery times.

· Potent, volatile inhaled anesthetics:  Relatively low concentrations are required for anesthesia.  These are stored as liquids and vaporized before administration.  
· Desflurane is an ether that isn’t too potent (MAC is 6.5%).  It’s pretty insoluble, has minimal metabolism and has rapid onset/recovery.  But it’s an upper airway irritant, so it’s not that great for inducing anesthesia.

· Sevoflurane is an ether that is moderately potent (MAC is 2%).  It’s moderately soluble and has low (5%) metabolism.  It’s rapid onset/recovery and is good for emergent treatment of delirium.

· Isoflurane is an ether that is rather potent (MAC is 1.2%).  It’s quite soluble and has minimal metabolism.  It shows medium onset and recovery times, and has a pungent odor

· Halothane is a fluorinated hydrocarobon that is quite potent (MAC is 0.75%).  It’s very soluble and is over 40% metabolized.  It is slow onset and recovery, and may have myocardial depressant properties.
· An important adverse effect of inhaled general anesthesia is that it may cause malignant hypertension.  MH is a rare, autosomal dominant disorder triggered by exposure to these drugs or neuromuscular blockers in otherwise asymptomatic patients.  So it’s important to ask about family members who experienced sudden, unexpected death.  With exposure, patients show muscle rigidity and hypermetabolism (hyperthermia, tachycardia, hypoxemia, acidosis, rhabdomyolysis).  Early recognition and effective therapy (give dantrolene and resuscitative measures) have really helped lower mortality.  The mechanism involves sustained release of Ca from the SR of skeletal muscle cells, leading to contraction and heat generation.  Many mutations (including ones in the calcium release channels of the SR) are implicated.  An in vitro contracture test (via muscle biopsy) can be done.

IV General Anesthetics:

· These agents are often powerfully hypnotic and induce sleep rapidly.  So, they’re good for emergent surgery (rapid sequence induction).  They also tend to be incomplete, and lack some of the properties associated with general anesthesia.  As a result, continuous IV infusion of anesthetics often requires addition of other drugs in ‘balanced’ anesthesia.

· All IV anesthetics produce unconsciousness in 1 circulation time (~30 seconds), and supplemental dosing is required to keep patients from waking.  When 1 dose of the drug is given, it is rapidly delivered to highly perfused areas (ex: brain), but with time it gradually redistributes to poorly perfused tissues (ex: fat).  It can also be metabolized by the liver and eliminated.
· When an infusion is stopped, how quickly it wears off depends on the preceding duration of infusion, the size of the poorly perfused compartments (‘V3’…like fat), the rate of transfer of the drug from fat to blood, and the rate of elimination of the drug.  These come together to determine a ‘context sensitive’ half life for the drug.  

· Propofol, for example, quickly moves from fat (V3) to blood (V1), and patients will wake up shortly after infusion is stopped.  Thiopental is the opposite
· It was long thought that these agents acted on non-specific lipid targets in cell membranes, since potency correlated with oil solubility.  But, now they’re believed to follow well defined molecular mechanisms.  These molecular targets correlate with clinical observations (enhancing GABA is associated with good hypnotic and amnestic activity, whereas those associated with NMDA blockade show better analgesia).  There are three/four main groups:

· GABA agnoists, which enhance inhibitory post-synaptic currents (propofol, thiopental, etomidate)

· Inhibitors of NMDA or AMPA, kainite, or nicotinic AChRs (ketamine and NO)

· Multi-receptor action, including many of the volatile anesthetics (isoflurane, sevofulrane, desflurane, and halothane).  

· Opioids (remifentanil, fentanyl) and central alpha-2 agnoists may be useful adjuncts in general anesthesia when combined with other drugs.  

· Thiopental:  A GABA agonist that is used for rapid sequence induction in emergency surgery.  Continuous infusion may be given for seizure or brain edema.  It decreases blood pressure and can cause hypovolemia and apnea.  Adverse effects include hypotension and extravasation leading to tissue necrosis.

· Propofol:  A GABA agonist that is used as an induction agent or in continuous infusion for diagnostic procedures or (when combined with opioids) surgery.  Adverse effects include anaphylaxic and burning sensations during injection. 

· Etomidate:  A GABA agonist used for rapid sequence induction in emergency surgery (particularly in unstable patients).  It may cause apnea.  The main adverse effect is that it inhibits 11-beta-hydroxylase needed to make cortisol, so continuous infusion is contraindicated.

· Ketamine:  An NMDA receptor blocker that produces dissociative anesthesia (eyes open but unresponsive).  It provides profound cutaneous analgesia (good for burn dressing changes) and can also be used in unstable patients for rapid induction in emergent surgery.  This can increase blood pressure, so may be bad for post-MI patients.  It can also stabilize BP and respirations though, and it can bronchodilate.  Adverse effects include lowering seizure thresholds (contraindicated in epilepsy), increasing intracranial pressure (contraindicated in head trauma) and increasing oral secretions.
· Dexmedetomidine:  A central alpha-2 agonist.  It’s an excellent sedative ideal for long term ICU sedation, and it produces little or no withdrawal symptoms.  It can be combined with opioids in the OR to provide anesthesia.  It stabilizes respiration (which is really good) and can decrease BP.  But, it’s also very expensive.  

· Remifentanil:  This targets the opioid receptor and can be combined with a sedative or inhaled anesthetic in the OR.  It’s useful when you want very rapid offset, since the drug is metabolized by plasma cholinesterases.  It can produce apnea and lower BP.  Adverse effects include chest wall rigidity (so neuromuscular blockade and intubation are required before patient can be ventilated).  

Pathophysiology and Treatment of Parkinson’s Disease:
· Many movement disorders are due to dysfunction of the basal ganglia.  The basal ganglia are the subcortical nuclei (caudate, putamen, globus palldius, subthalamic nucleus, and subtantia nigra) that connect to the cortex, thalamus, and other parts of the brain.  The caudate and putamen make the up the striatum.

· The thalamo-cortical-basal ganglia circuitry involves the interconnections of those three components:  

· There is a direct pathway by which the D1 part of the striatum (caudate and putamen) increases excitatory signaling from the thalamus to the cortex.  The striatum blocks the inhibitory effect of the globus pallidus interna on the thalamus (ventrolateral nucleus).  

· There is also an indirect pathway by which the D2 part of the striatum reduce the signaling from the thalamus to the cortex.  The striatum does this by increasing the globus pallidus interna’s inhibitory effect on the thalamus.  The globus pallidus interna is stimulated by the subthalamic nucleus.  So, to stimulate the globus pallidus interna, the striatum blocks the inhibition of the subthalamic nucleus by the globus pallidus externa.  

· The substantia nigra plays a key role in modulating the basal ganglia output to the cortex.  It contains dopaminergic neurons that go to the striatum, where different dopamine receptors (D1 or D2) influence the direct and indirect pathways.  This domainergic stimulation from the substantia nigra basically stimulates the direct pathway (D1) and inhibits the indirect pathway (D2), both of which ultimately lead to more thalamic stimulation of cortical activity.  The loss of dopamine has effects that reduce thalamic stimulation of cortical activity.  

· Impaired domainergic transmission leads to hypokinetic disorders, which are characterized by a reduction in the frequency and speed of movements.  Parkinson’s disease is the most common hypokinetic movement disorder, and it involves progressive degeneration of the nigrostriatal dopamine neurons (from the substantia nigra to the striatum).  With Parkinson’s disease, you see intracellular inclusions called Lewy Bodies (seen in the nigra and many other places too, so the pathologic cell loss goes far beyond just the nigrostriatal system).  
· The cardinal features of Parkinson’s are a resting tremor, bradykinesia, rigidity and postural instability.  It’s manifestations are typically asymmetric and responsive to L-DOPA.

· There is a normal loss of dopaminergic neurons with age, but in Parkinson’s this loss is accelerated for unknown reasons.  It’s likely a combination of genetic and environmental influences.  You don’t get disease manifestations until about 80% of dopamine neurons are lost, so supplementing with even small amounts of dopamine may prove very beneficial.  

· The pharmacotherapies for symptomatic Parkinson’s disease are aimed at restoring dopaminergic transmission or more recently ‘protective’ therapies.  They include:

Restoring Dopaminergic Transmission:
· Dopamine replacement:

· Dopamine is unstable and degrades on exposure to oxygen.  It is also rapidly degraded by MAO and COMT enzymes in the liver and other tissues.  It does not cross the blood brain barrier, and causes extreme nausea.  So it’s a pretty bad drug choice.

· L-DOPA is a precursor to dopamine that is more stable, better tolerated (less nausea) by patients, and crosses the blood brain barrier.  It is metabolized to dopamine by the enzyme ADCC.  ADCC is in the brain (good for converting L-DOPA to dopamine there), but it’s also ubiquitous in the periphery (liver, etc) and only 2% of administered L-DOPA gets to the brain as dopamine.  

· So, an ADCC inhibitor that doesn’t cross the blood brain barrier is very helpful in administering L-DOPA effectively.  Carbidopa is such a compound, and is given together with L-DOPA as Sinemet.  Sinemet is good for tremor, rigidity and bradykinesias, but not postural instability (so you may still have balance issues).  Acute side effects include nausea, visual hallucinations, and orthostatic hypotension.  Side effects from chronic use include fluctuations in response to the drug and disabling dyskinesias.  Limiting the dose of L-DOPA by combining with other drugs may help.
· L-DOPA has a half life of only 1-2 hours even when given with carbidopa, so it must be given several times through the day and can cause large swings in serum concentration which can be quite harmful.  The peak doses may cause dyskinesias (involuntary muscle movements) and the troughs may cause recurrence of PD symptoms.  Also, chronic spiking levels are unnatural and may contribute to development of delayed dyskinesias.
· So, controlled release formulations have been developed (Sinemet CR).  They last longer, have a slower onset, but they’re more expensive, less predictable and less widely available.  

· Both L-DOPA and dopamine are metabolized by COMT, so COMT inhibitors like entacapone can increase the half-life of the drug in the blood.  It may cause a change in urine color, which patients should be warned about. 

· Dopamine agonists:  Parmipexole, bromocriptine, cabergoline (a 1x/day pill), apomorphine, pergolide, ropinirole, and rotigotine.  These directly stimulate dopamine receptors.  They have longer half lives than L-DOPA, so they can be given as little as 3x/day.  Rotigotine is available as a 24 hour patch.  These may be a little less effective than L-DOPA.  Side effects include nausea, somnolence, hallucinations, and orthostatic hypertension.  

· Anticholinergics:  Benztropine, trihexyphenidyl.  These provide mild improvement, particularly for tremor.  But in general they’re not well tolerated in older people, due to side effects like impaired cognition, dry mouth, constipation and urinary retention.  So, they are mostly restricted to younger patients with prominent tremor.  

· Amantadine has a poorly understood mechanism, but provides mild symptomatic improvement.  It’s a weak anti-cholinergic, a weak dopamine releaser and a weak glutamate antagonist.  Side effects include hallucinations, insomnia, and other anti-cholinergic effects.

Protective Therapies:

· Dopamine replacement is mostly symptomatic, not aimed to prevent progression.  
· Anti-oxidants, vitamin E and vitamin C are popular among patients, but they have no measurable protective qualities

· MAO-B inhibitors (selegiline and rasagiline) are controversially protective.  MPTP is a heroin analog that caused parkinsonism, and MAO-B was required to convert it to the active toxin.  So MAO-B inhibition is thought to block similar conversion of endogenous ‘toxic factors.’  It’s unclear if these drugs provide symptomatic relief (by increasing dopamine, since MAO-B breaks down dopamine).

· Dopamine agonists like pramipexole and ropinirole have been shown to possibly slow disease progression by an unknown mechanism.  

· Coenzyme Q10 may have some protective effect.  It’s used by mitochondria and has anti-oxidant properties.  

Neurosurgical Interventions:
· Surgery is based on reducing the abnormally increased activity of the globus pallidus interna and the subthalamic nucleus (STN activates the GPI to block thalamic stimulation of the cortex).  The pallidus interna can be ablated (pallidotomy) or inactivated by deep brain stimulation.  It has a 1% risk of stroke, so it’s not really a first line option.  It works well in cases for which it’s indicated, like advanced PD when meds are no longer enough.  Good candidates usually have a good response to L-DOPA, a prominent tremor/dyskinesia, significant on/off swings, and few other comorbidities.  

· The treatment algorithm for young people starts with MAO-B inhibitors, DA agonists, anti-cholinergics, or amantidene.  Then add L-DOPA if needed.  Then add COMT inhibitor if needed.  Then do neurosurgery as a last resort.

· The treatment algorithm for older people starts with L-DOPA, then COMT inhibitor, then neurosurgery

Pharmacology of Anti-Convulsant Drugs:

· Seizure activity is often focal (at least in partial seizures) and shows very organized patterns of depolarization with constant repetitive firing that impairs other brain functions.  
· Seizures result from sustained, repetitive neuronal depolarization.  Glutamate drives Na and Ca into cells to depolarize them, and GABA drives Cl in to hyperpolarize.  An imbalance between these signaling mechanisms leads to seizures.  Voltage gated Na channels are very important in membrane depolarization and seizure.  

· Anticonvulsants have activity-dependent mechanisms, because they bind more avidly to channels that are actively opening and closing (the drugs have a higher affinity for channels in the active conformation).  In contrast, anesthetics also block signaling potently in both actively firing neurons and resting neurons.  Some patients have mutations in the VG Na channels that make them predisposed to seizures, and using drugs that target Na channels may not work well in them because of their mutated/altered Na channels.  

· Normally glutamate and GABA work together, with glutamate depolarizing neurons and GABA repolarizing them.  Seizures can result from increased glutamate activity or decreased GABA activity.

· Anticonvulsants reduce the intermittent, uncontrolled electrical activity of neurons associated with seizures, but not the normal activity needed for brain function.  They are more selective in this regard than anesthetics.  If there’s a patient seizing and they can’t be stopped, anesthetics may be used if necessary. 

· The five major actions of anticonvulsants are:

· Reduce sustained repetitive neuronal firing by blocking VG Na channels:  Phenytoin, carbamazepine, lamotrigine, valproic acid (very widely used).  These drugs are the most selective and have fewer cognitive side effects.
· Block VG Ca channels, acting to prevent pre-synaptic NT release and to block post-synaptic depolarization:  Ethosuximide (used for absence seizures).

· Increase activity at inhibitory GABA receptors (at synapses on the shaft of the dendrites):  Barbiturates (phenobarbitol, pentobarbital, valproic acid), benzodiazepines (lorazepam, diazepam), tiagabine, vigabatrin, valproic acid.  Barbiturates and benzodiazepines enhance GABA receptor expression, tiagabine blocks GABA reuptake, and vigabatrin and valproic acid block GABA breakdown.  These drugs (particularly benzodiazepines) are the most powerful, so they’re good for stopping seizures quickly, but they have the most sedative and cognitive side effects.  
· Decrease activity at excitatory glutamate receptors (NMDA or AMPA on the tips of dendritic spines):  topiramate (blocks AMPA, popular for epilepsy and migraine because it reduces appetite…though at high doses it may impair memory), lamotrigine, dextromethorphan (blocks NMDA, used only for special circumstances), felbamate (blocks NMDA, used only for special circumstances).  These may protect against excitotoxic damage, but they also have more cognitive side effects.  
· Levetiracetam, which binds to receptors (SV2A) on synaptic vesicles and impairs exocytosis into synapses.  It’s becoming a widely used drug.  

· Combining drugs with different mechanisms of action is particularly useful.  

· Most seizures are generalized or focal motor seizures, or they are partial seizures with complex behavioral manifestations.  The Na channel blocking drugs (carbamazepine, phenytoin, valproic acid, and lamotrigine) and/or phenobarbitol are good for treating these.  
· Less common seizure types may require a different approach (carbamazepine may make generalized absence seizures worse, and these seizures are better treated with ethosuximide, valproic acid or lamotrigine).  

· Complex childhood seizures sometimes require unusual therapies like ketogenic/Atkins diets, ACTH, or benzodiazepines.  

· Valproic acid is one of the most versatile drugs, and it’s useful for all major seizure types.  

· Phenobarbitol and Primidone:  Primidone is a prodrug that’s metabolized into phenobarbitol and PEMA.  All three compounds are anti-convulsants.  These enhance GABA or benzodiazepine receptor function.  They are metabolized in the liver with long half lives and first order kinetics (constant percentage of drug metabolized per time period).  Barbiturates can cause cognitive dulling and behavioral side effects.

· Phenytoin:  This blocks active Na channels and is often used in hospitals to treat seizures.  It’s hydroxylation in the liver is saturable, so at low levels it’s metabolized with first order kinetics and at high levels it’s metabolized with zero-order kinetics (so small increases in dose may lead to large increases in blood concentration).  These changes occur at clinically used drug doses.  These are less sedating than barbiturates, but can cause ataxia and nystagmus (and potentially undesirable cosmetic side effects) at toxic levels.  

· Carbamazepine:  This is one of the most widely prescribed anticonvulsants, as it has few side effects.  It blocks Na channels, and it’s metabolized in the liver to an epoxide metabolite that can have some side effects.  

· Valproic acid has a simple structure, but it’s the most popular anticonvulsant in the world.  It blocks Na channels and enhances GABA/BZ receptors.  It’s metabolized in the liver.  But, it makes fatal hepatic necrosis more common in children under 2 years old, especially if they’re on another anti-convulsant.  

· Lamotrigine blocks Na channels, and it’s metabolized in the liver by glucuronidation.  Valproic acid and other drugs can really prolong its half life.  Severe skin rashes occur in 1% of kids and 0.3% of adults.  

· Anticonvulsants affect each others’ metabolism (and other drugs too).  Phenytoin induces metabolism of carbamazepine.  Valproic acid slows metabolism of phenobarbitol and lamotrigine.  So it’s common to measure drug levels in these patients.  Some pharmacogenetic markers affecting this have been found.  

· Anticonvulsants can cause severe skin rashes.  These include Stevens-Johnson syndrome (bullae on skin, and an exudative reaction) and Toxic epidermal necrolysis.  These are associated with polymorphisms in TNF and HLA-B genes, so they may become predictable with pharmacogenetics.  
· Anticonvulsants are teratogens, causing noticeable birth defects in 20-28% of exposed kids.  The drugs are converted to epoxides, which can then be converted to teratogens or metabolized by epoxide hydrolase to less toxic forms.  So kids with less epoxide hydrolase expression are at increased risk.  Valproic acid in moms is strongly linked to spina bifida, the risk of which can be reduced with folate supplementation.  So all women on anticonvulsants should also be on folate.  The birth defect occurs with 30 days of conception, so the woman may not even realize she’s pregnant yet.  So women who may become pregnant shouldn’t be on valproic acid.  By the time they know they’re pregnant, it’s too late.

· Anticonvulsants can also alter the metabolism of birth control pills and increase the risk of pregnancy.  They can also alter endogenous hormones and cause ovarian dysfunction.  

· Other embryopathies caused by anticonvulsants include microcephaly, growth retardation, cleft palate, etc.  So women need to be counseled, supplemented with folate, asked about a family history of birth defects, etc.  

· Status epilepticus is a medical emergency.  It is when you have 30 minutes of continuous seizure activity or 2 or more seizures without full recovery of consciousness.  It can damage the brain via excitotoxicity, as well as impair function of other organs.  Therapy for status epilepticus includes airway, breathing, and circulation supports, IV glucose, and anticonvulsants.  First line treatment is with benzodiazepines, then if seizures continue phenytoin, then phenobarbitol, then anesthesia.  Adverse effects of this treatment can include coma/sedation, apnea, need for a ventilator, arrhythmias, or skin damage at the injection site.

· Up to 70% of kids started on anticonvulsants can discontinue them after several seizure-free years, because the immature brain is more excitable.  An increased risk for needing prolonged continuation includes older age at onset of seizures, large numbers of seizures, chronic neurologic disability, positive family history of seizures, and past history of status epilepticus.  

Drugs and the Eye:
· The eye is good for assessing drug effects because it’s easily studied.  The anesthetic properties of cocaine, action of belladonna agents for pupillary dilation, physostigmine anticholinesterase activity for glaucoma, and silver nitrate for ophthalmia neonatorum (gonorrhea exposure at birth) were all big parts of the history of ocular pharmacology.

· PKs are crucial for understanding the interactions of drugs with the eye and how they affect the rest of the body.  The eye is largely isolated from the rest of the body.  The cornea and lens are avascular, so drugs aren’t well delivered through the blood.  Also, there are blood-retinal and blood-aqueous barriers.  Tear films and corneal epithelium also provide barriers to stuff from the outside.  A big issue with ocular drugs is how to get around these barriers. 

· Most drugs are given into the eyes as eyedrops, though most drops have more volume than the tear film can hold.  Drops can also be tough to administer, and they’re best for treating the cornea and anterior segment of the eye.  They mostly act by crossing the cornea, but only last a few hours.  
· PKs are influenced by reflex tearing, the contact time with the corneal surface and the relative hydrophobicity and hydrophilicity of the meds.  The corneal stroma is hydrophilic and the corneal epithelium is hydrophobic, so it’s tough to find drugs that get through both.  Methods to get drugs in include giving a prodrug like dipivalyl epinephrine which is hydrophobic and penetrates the corneal epithelium, then it gets rapidly hydrolyzed to epinephrine which can penetrate the stroma.  

· Tears and drugs leave the eye by draining into the lacrmial punctae, then into the lacrmal sac and into the nose.  Drugs delivered into the eye via drops can achieve significant blood levels though.  Insulin, for example has been tried, because it can avoid a first pass effect this way.  

· Drugs to the eye can also be given by subconjunctival injection (into the potential space between conjunctiva and sclera), intravitreal injection, and systemic injection or oral administration (poor penetration except when there’s eye inflammation).  

· Drug receptors relevant to ocular pharmacology include the muscarinic receptors (in the iris sphincter for pupil constriction) and the alpha-adrenergic receptors (in the iris dilator).  There are also muscarinic receptors on the ciliary muscle for accommodation and focusing, and adrenergic receptors in the ciliary epithelium and trabecular meshwork for aqueous humor production.  
· Mydriatics that dilate the pupil are important for examining ocular structures posterior to the iris and diagnosing ocular disease.  This can be achieved with muscarinic antagonists (tropicamide, homatropine, atropine, and scopolamine) or alpha1-adrenergic agnoists (phenylephrine).  These are often used together for maximum effect.  This can be reversed with alpha1-adrenergic antagonists or muscarinic agonists.  One droop of phenylephrine can have lots of drug, and it can cause systemic side effects.

· Adie’s pupil is when 1 pupil is larger and doesn’t constrict well in response to light.  This is due to damage to the ciliary ganglion and decreased parasympathetic input.  This leads to upregulation of muscarinic ACh receptors, so in these cases giving even very dilute pilocarpine (muscarinic agonist) will constrict the pupil…this is diagnostic for Adie’s pupil.  This is known as denervation sensitivity.  

· Horner’s syndrome is when there’s interruption of the sympathetic fibers to the iris dilator muscle, which normally releases epi onto alpha1-adrenergic receptors.  The small pupil is on the side of the lesion (which can be either post-gangionic or pre-ganglionic).  Drugs can be used to differentiate between these two lesions:

· Cocaine blocks re-uptake of Nepi in the synaptic terminal.  If there is Nepi present, its effect will be enhanced.  In Horner’s syndrome, there is no Nepi thre, so the pupil won’t dilate in response to cocaine.  

· Hydroxyamphetamine releases Nepi from presynaptic vesicles if present, and this is useful in distinguishing pre vs. post-ganglionic Horner’s.  If the lesion is post-ganglionic, there is damage to the post-ganglionic neuron and no Nepi to be released onto the iris dilator muscle…so the drug has no effect.  If the lesion is pre-ganglionic, the post-ganglionic neuron still has Nepi that can be released with hydroxyamphetamine stimulation…so the drug causes pupil dilation.  

· Cycloplegia is paralysis of the ciliary muscle, which is responsible for accommodation (focusing).  Atropine and cyclopentolate cause pupillary dilation via their parasympathetic action, but they also relax the ciliary body.  This is useful in making inflamed eyes more comfortable, and it’s useful in determining the refractive status of kids.  These are used to treat amblyopia (lazy eye) by making a good eye less functional so the bad eye has to focus better.  They’re also used to treat strabismus (misaligned eyes).  

· Glaucoma is a disease of the optic nerve, which can often be treated by reducing intraocular pressure.  
· Parasympathomimetics stimulate contraction of the ciliary muscle, which pulls open the trabecular meshwork (where aqueous drains) that increases flow of aqueous humor out of the eye.  Pilocarpine is a muscarinic agonist which acts this way.  Phospholine iodine is an anticholinesterase that also does this.  

· Beta-blockers are the most widely used glaucoma medications.  They reduce the production of aqueous humor, possibly by reducing cAMP signaling and subsequent ion/fluid transport.  

· Alpha-agonists also decrease aqueous humor production by binding in the ciliary processes.  Brimonidine also appears to increase outflow of aqueous humor.  Some people may get an allergic reaction to these drugs though.  

· Carbonic anhydrase inhibitors also reduce aqueous humor production.  

· Prostaglandins are now one of the more dominant treatments for lowering IOP, though they have the opposite effect in rabbits.  They do this by increasing the extracellular space in the ciliary muscle.  A side effect is darkening of light irides and causing longer bushier eyelashes.  Bimatoprost has been approved to promote eyelash growth.  

· Tetrahydrocannabinol (THC) is popularized for treating glaucoma, but it’s not used due to short half life, systemic side effects, etc.  

· Ocular inflammation can be treated with:
· Topical corticosteroids:  These are the mainstay of treatment, but they have potential for serious local side effects (glaucoma, cataracts).  They may also exacerbate herpes infections of the corneal epithelium.  Intraocular steroid or antibiotic implants are also available.

· Topical NSAIDs can be useful in mild anterior segment inflammation.  Ketorolac is the only known effective treatment for cystoid macular edema, which can cause vision loss after cataract sugery.  

· Immunosuppresive agents like cyclophosphamide, methotrexate or cyclosporin may be necessary in severe cases.  

· Cycloplegic agents (atropine, cyclopentolate) can make the eye more comfortable and prevent adhesion of the iris to the lens (posterior synechiae). 

· Dry eye is a very common affliction.  The only available treatments have been palliative, like lubricating drops and punctual occlusion (to block drainage of tears).  There may be an underlying cytokine/receptor mediated inflammation, and data have shown suppressing inflammation with cyclosporin to help.  Restasis (topical cyclosporin) is the first prescription drug for dry eye.  

· Viral infections:  

· Herpes simplex infection of the cornea and anterior segment is treated topically.  Iododeoxyuridine was the first antiviral to be used, but trifluorothymidine is less toxic and has largely replaced it.  Oral acyclovir also reduces the recurrence of ocular herpes simplex.  

· Acyclovir and famciclovir are used in the early stages of herpes zoster keratitis.  

· As AIDS has spread, CMV retinitis has become a common infection of the ertina.  First line treatment for this is IV cidofovir, or an intraocular ganciclovir implant supplemented with oral ganciclovir.  

· Adenoviral conjunctivitis has no effective treatment, and it’s a pretty common infection.  

· Bacterial infections:  

· Conjunctival and corneal infections are generally treated with antibiotic eyedrops.  Flurorquinolones may really improve treatment of these infections. 
· When infection is present more posteriorly, intraocular injection is required.  Use of IV antibiotics is has not yet been proven to be effective.  

· Macular degeneration has only recently had pharmacological treatment.  Pegaptanib is an IV aptamer (nuclei acid macromolecule) against one VEGF  isoform that reduces the rate of vision loss in wet age related macular degeneration.  Ranibizumab is an IV monoclonal antibody against all VEGF isoforms that improves vision in some eyes with wet age-related macular degeneration.

· Ocular drugs are absorbed systemically, and important systemic complications include:

· Exacerbation of COPD, heart block, and CHF by beta blockers.  Also lowering of HDL by some beta-blockers.  

· Low plasma psuedocholinesterase by phospholine iodide (an anticholinesterase).  If these patients receive succinylcholine during general anesthesia, they may get prolonged neuromuscular blockade. 

· Fever, tachycardia, and confusional psychosis with atropine eyedrops.  

· Systemically administered drugs can also have effects on the eyes:

· Oxygen, when exposed to an immature retina, can cause aberrant neovascularization and retinopathy of prematurity.
· Sulfa drugs can cause Stevens Johnson syndrome, with conjunctival scarring and blindness from corneal effects.

· Corticosteroids can cause cataracts and elevated IOP, most commonly with steroid eyedrops.  Inhaled and nasal glucocorticoids may have a similar effect, at least for glaucoma.

· Antimalarial agents can cause macular damage.  

· Photosensitizing agents (PVUA treatment for dermatologic disease) can cause cataracts.

· Antiepileptic agents:  

Topiramate can cause acute angle-closure glaucoma due to ciliary body swelling and closing the angle (not pupillary block).  It often presents as precipitous onset decreased vision, pain and redness.  

Vigabatrin is used for drug resistant partial seizures and infantile spasms.  It inhibits GABA metabolism.  It’s associated with visual field contraction, which is generally asymptomatic, though it can have effects on central vision too.

· ED agents (sildenafil) have been reported to be associated with anterior ischemic optic neuropathy, but the causal relationship is unclear. 

Changes in Drug Metabolism with Aging:
· Drug issues like polypharmacy, dosage, adverse reactions and cost need to be considered in older patients.  

· Aging is associated with less water (more fat) and less muscle mass, as well as decreased hepatic metabolism, decreased renal excretion, and decreased responsiveness/sensitivity of the baroreceptor reflexes.  

· Drug absorption is not affected by aging.  It can be altered by antacids or iron (binds meds), as well as disease (lack of intrinsic factor for B12 absorption, or delayed gastric emptying).   

· Drug distribution is affected.  Because you have more fat and less water as you get older, there’s a lower volume of distribution for water-soluble drugs (digoxin, lithium) so these drugs reach higher blood levels.  Fat soluble drugs can also accumulate and prolong their effects and elimination (diazepam).  You also get lower plasma protein binding with age, resulting in more free/active drugs (warfarin).
· Drug metabolism is slowed with age, partly due to decreased hepatic mass and blood flow.  Phase I metabolism (redox, hydroxylation) declines with age, but phase II conjugation is unaffected.  Because less drug gets cleared by the liver, drugs with extensive first-pass metabolism will have a longer duration of effect.  Lower doses of meds may also be more effective, since less is being metabolized.  

· Drug excretion also declines with age.  Renal function and mass decline, and GFR decreases 10% every decade after age 30.  When evaluating renal function, remember that older people have less lean body mass and will have lower baseline creatinine.  So creatinine can be elevated, but still in the ‘normal’ range.  Doses should be adjusted when creatinine clearance<60.  Creatinine clearance can be calculated for males (or *.85 for females) as:                                                   [(140-age)*weight] / [72*serum creatinine]

· Drugs with renal elimination include allopurinol, antibiotics, digoxin, furoseminde, gabapentin (for pain, seizures), H2 antagonists, lithium, and metformin.

· Pharmacodynamics (what the drug does to the body) change with age.  They show a decreased response at beta-adrenergic receptors (so resistance to beta-blockers), increased BBB permeability (increased sensitivity to CNS-active agents), and decreased cerebral blood flow.  

· So, with agents that affect the CNS, you should start at low doses and increase slowly.  Symptoms may include delirium, sedation, depression, and/or confusion.  These drugs include anti-cholinergics, anti-depressants, anti-histamines, analgesics, benzodiazepines, neuroleptics (for psychotic disorders), digoxin, and anticonvulsants.  

· Polypharmacy is the use of multiple medications (often referring to patients on a LOT of meds or more than are clinically indicated).  2/3 of older adults are on regular meds, and they make up a big share of prescription drug use in the US.  They are often left out of clinical trials, making it difficult to predict drug metabolism or effects.  

· Risk factors for polypharmacy include increased age, number of physicians, number of pharmacies, and number of office/hospital visits.

· The consequences of polypharmacy include increased risk of adverse drug reactions or interactions, medication non-adherence, decline in medical status, and increased cost of healthcare.  The risk goes up the more drugs you take.  

· Harmful sequelae can be prevented with improved communication, educating patients and caregivers, reviewing the medication profile for patients, limiting the number of prescribers, and advising the patient to only use 1 pharmacy.  

· In older adults, any medication could potentially result in an adverse effect.  Patients should be advised to report any new or concerning symptoms after starting new meds.  Adverse drug effects should always be considered as a possible etiology of new signs/symptoms.  

· Some meds account for most adverse drug events.  These include cardiovascular meds, psychotropic meds, antibiotics, anticoagulants, NSAIDs, and anti-seizure meds.  

· The Beers list includes potentially inappropriate drugs for the elderly.  Examples include 1st generation antihistamines (Benadryl…due to anticholinergic effects like dry mouth, sedation, urinary retention and constipation…non-sedating antihistamines should be used), long acting benzodiazepines (Diazepam/valium…sedation can last a long time due to increased fat…shorter acting benzodiazepines like lorazepam should be used), narcotics (Meperidine/Demerol…an active metabolite can accumulate…morphine may be used instead), and hypoglycemic agents (Chlorporpamide…long half life, renally excreted and risk of hypoglycemia…shorter acting agents like glipizide can be used instead).  
· Warfarin is an anti-coagulant commonly used for DVT and atrial fib.  It has a narrow therapeutic window, so requires frequent blood tests to monitor levels.  It requires complex dosing regiment, and it can have drug-drug or drug-food interactions.  

· Benzodiazepines can be used as anxiolytics, anticonvulsants, or sedative-hypnotics.  Side effects include drowsiness, dizziness and confusion.  It’s associated with an increased risk of falls and fractures.  They shouldn’t be used unless absolutely necessary.  

· Anti-cholinergic drugs like antihistamines and tricyclic antidepressants can have side-effects like drowsiness, dizziness, confusion, dry mouth, urinary retention and constipation.  They are also associated with an increased risk of falls and fractures, so their use should be minimized.  

· Digoxin is a positive inotrope and antiarrhythmic used in atrial fib and CHF.  It has a narrow therapeutic window and renal elimination.  Digoxin toxicity can produce nausea, dizziness, seeing halos around lights, arrhythmias, or death.  Patients should be closely monitored for symptoms of toxicity.  

· Insulin can be challenging to administer for patients with arthritis, tremor, vision problems, etc.  Renal failure patients show decreased elimination of this drug, putting them at risk for hypoglycemia.  Geriatricians really need to weight the risks with the benefits of tight glucose control in the elderly.  

· Confusion can result from benzodiazepines or anticholinergics.  Bladder obstruction from anticholinergics, tricyclic antidepressants, or antihistamines.  Constipation from antichoinergics and tricyclic antidepressants.  Falls from benzodiazepines, SSRIs, antihypertensives and tricyclic antidepressants.  Renal failure and heart failure from NSAIDs.
· Avoid the prescribing cascade (treating the side effects of one medication with another medication).  In elderly patients, the medication list should be frequently reviewed and meds that are no longer indicated need to be discontinued.  

· Urinary retention and hypertension:  The parasympathetic nervous system mediates detrusor muscle contraction, and this can be blocked with anticholinergic/antihistamine meds like diphenhydramine (Benadryl).  Alpha adrenergic activity causes urethral sphincter contraction and urinary retention, and alpha adrenergic activity also increases systemic resistance and BP.  Many decongestants are alpha adrenergic agonists.  So cold meds with antihistamines and decongestants can cause urinary retention and HTN.  

· Orthostatic hypotension and hip fracture:  Baroreceptor sensitivity decreases with age, and alpha-adrenergic blockade (for BPH) can worsen postural hypotension, increasing the risk of falls.  Falls and hip fractures are associated with significant morbidity and mortality.  

Big Pharma and Risk to Older Adults:

· The elderly are particularly vulnerable to meds and polypharmacy.  Fraudulent and illegal marketing by drug companies promotes inappropriate, off-label use of drugs.  

· Gabapentin is used for off label purposes 90% of the time.  Even though it’s approved for adjunct seizure therapy, it’s used for tons of conditions, ranging from peripheral neuropathy, priapism, hiccups, alcohol withdrawal, etc.  The studies backing this data have lots of evidence of reporting bias, outright deception, etc. that has been presented to be consistent with the manufacturer (Parke-Davis) goals.  Now that the patent is up, they’ve slightly modified it to Pregabalin, which they’re pushing in hopes of keeping the market share.
· “Second generation” or ‘atypical’ anti-psychotics are a heterogeneous group of compounds that Dr. Finucane labels ‘expensive anti-psychotics.’  They’re approved for schizophrenia, but are commonly used for dementia with behavioral disturbances.  In treating patients for dementia-related psychosis, they are associated with increased mortality and are nearly indistinguishable from placebo.  They do provide a clinically negligible benefit in psychometric ratings though.  For these drugs, companies may out billions in lawsuits, but this is a small price to pay for the tens of billions they make in profit.  

· Cholinesterase inhibitors are also used for patients with dementia and behavioral problems.  But, no significant benefits were seen compared with placebo in terms of nursing home placement, progression of disability, behavioral/psychological symptoms, caregiver psychopathology, costs of care, unpaid caregiver time, adverse events, death, etc.  Trials did show an average 0.8 increase in mini-mental score, which is significant but of no clinical benefit.  This was advertised as improved cognition and overall dementia severity.  

· Both placebo and treatment groups showed no change in behavioral symptoms.  This was presented as showing that the drugs maintained cognition and overall dementia severity, and justified their use with these data.  
· Authors took practice recommendations saying cholinesterase inhibitors should be considered in mild to moderate AD although studies suggest a small average degree of benefit, and report it as it’s ‘approved for treatment of mild to moderate AD and should be considered standard of care.’  

· Finucane’s law:  if a professor is enthusiastic about cholinesterase inhibitors in this context, they either don’t provide primary care or they’re getting $ from the vendors.  

· Maintaining tight control of glucose levels is the canonical treatment strategy for type II diabetes (or ‘chronic sedentary feasting’).  This is a new evolutionary pressure, and it’s associated with SES, smoking, HTN, inflammation, renal disease, arthritis, sleep apnea, etc.  Sedentary feasting is associated with MI, hepatic steatosis, cancers, depression and death.  

· The clinical benefit of tight glycemic control for type II diabetes is NOT well established.  And, the only criteria for drugs to treat diabetes is that they lower sugar and aren’t lethal.  Large RCTs show only a small benefit in renal complications, and some show an increased risk of harm.  
· Insulin, metformin, sulfonylurea, and glitazones all come with FDA black box warnings.  But in spite of this, these drugs are widely prescribed.  And, the American Diabetes Association’s treasurer is the director of investor relations for Johnson and Johnson.  
· Physicians are part of the pipeline for drug companies to get the product to consumers.  Dr. John Buse suggested that Rosiglitazone caused harm, and the drug company tried to intimidate and silence him.  It’s estimated that 83,000 heart attacks occurred due to unnecessary use of this drug, but the company made billions.  When the reviewer of a 2007 NEJ paper questioning the CV risk of rosiglitazone saw manuscript, he sent a copy to GlaxoSmithKline, from whom he received payments.  
· GERD is a prevalent problem, and has been since the times of Osler.  And, since then pharma companies have been exploiting different approaches to treatment.  Even now, PPIs have no proven value.  They don’t prevent cancer and increase the risks of pneumonia, C. diff diarrhea and hip fractures.  So decreasing acid may be risky to older patients.  

· The mean age of patients in RCTs is early to mid 60s.  So it’s pretty unclear how a lot of drugs will affect more elderly patients.  

· In many trials, outcomes that are meaningful to patients are not included (since they’d be non-significant).  Rather, proxy-measures (often not very good ones) are used and are shown to be significantly affected.

· Docs need to commit to being well-educated and being aware that corporations have their obligations to shareholders while doctors have obligations to their patients.  

· Don’t imagine that you can’t be bought.  

Intro to Psychopharmacology:

History of Psychopharmacology:

· White hellebore was used as an emetic and black hellebore a laxative.  It was said to be calming.  In high doses, it could induce seizure.

· Opiates have been used for mood-lightening or euphoria for 1000s of years.  They were used for sleep induction and analgesia in ancient times.  Morphine became available for analgesia and anesthesia in the 1800s.  

· Rauwolfia (snakeroot) was used as a remedy for insanity, and it contained (among other things) reserpine.  Reserpine was isolated in 1952 as an antipsychotic.  

· Chloryl hydrate (chlorinated alcohol) was used as a sedative/hypnotic, as in slipping someone a Mickey.  

· Bromine/bromide was a popular sedative in the 1800s and 1900s.  

· Scopolamine or hyoscine from nightshade plants was used as a sedative.

· Barbiturates were introduced (phenobarbitol) in 1912 as sedative-hypnotics.  

Modern Era:

· Lithium (mood stabilizer) was introduced in 1949 and began the modern era of psychopharmacology.  Over the following 10-12 years chlorpromazine, reserpine, meprobamate, iproniazid, imipramine, and chlorpdiazepoxide were all introduced.  

· Reserpine (anti-psychotic) was used to treat HTN and was observed to have a calming effect.  It was given to schizophrenic patients and observed to have an anti-psychotic effect.  But it induced depression in some patients.  Its mechanism involves inhibiting vesicular monoamine transporters, depleting the brain of DA, Nepi, and 5HT (serotonin).  
· Chlorpromazine (anti-psychotic) blocks dopamine receptors.  It has a tricyclic structure.  

· Iproniazid (anti-depressant) inhibits monoamine oxidase, increasing levels of DA, Nepi, and 5HT.  

· Imipramine (anti-depressant) blocks Nepi reuptake, increasing the amount in the synapse.  It has a tricyclic structure.  

· Chlorpdiazepoxide is an anxiolytic.
· Many other drugs were developed based on chlorpromazine, iproniazid, imipramine and chlorpdiazepoxide.  

Later Developments:

· Since the 60s and 70s, not a lot has been developed.  In the 70s, anticonvulsants (carbamazepine, valproic acid, lamotrigine) were found to have mood stabilizing actions and were good for treating bipolar disorder and depression.  

· In the late 70s, SSRIs (zimelidine, fluoxetine/prozac) were produced via rational drug design. 

Today:

· Meds are good, but not great.  They work about 2/3 of the time, but often take weeks to have a noticeable effect.  Trials often take several months with gradual dose increases.  Side effects are very common, including weight gain, sedation, and movement abnormalities.  

· New ideas (beyond the DA paradigm) include a glutamate hypothesis.  Ketamine and PCP are NMDA antagonists and they induce schizophrenia-like symptoms.  They also antagonize metabotropic glutamate receptors.  So, glutamate agnoists have been shown to be as effective for schizophrenia as current treatment, but with fewer side effects.  
· Current therapies do well treating positive symptoms, but not as well with the negative symptoms of schizophrenia.  

· The perspectives of psychiatry teaches that you reason from a clinical syndrome to a pathophysiology, to an etiology.  With genetic mapping, you can go straight from the syndrome to the etiology.  

· The gene DISC1 was found to be associated with schizophrenia.  DISC1 plays a role in neuronal migration, and in animal models it leads to enlarged ventricles as seen in humans with schizophrenia.  DISC1 interacts with lots of other molecules, providing many new potential drug targets.  

· Whole genome association (aka genome wide association studies – GWAS) is looking for associations between markers and psychiatric disease.  These studies require large sample sizes because each gene may not have a large effect, so requires statistical power for detection.  

· Similar genome-wide scans are being done to look for copy number variation and methylation sites.  In the future, pharmacogenomics hopes to be allow us to predict who will respond to which medications, who will have side effects, etc by analyzing a person’s genome.  

Anti-Depressants:

· Mood is the degree of well being experienced more or less habitually, though it changes from day to day.  There is a range of normal that’s not well defined.  Abnormal states are more easily defined.  

· Symptoms in isolation are not a psychiatric disorder.  Disorders are clusters of symptoms that must meet specific criteria, including duration and severity.  They usually require that symptoms are severe enough to interfere with functioning at work or at home.  

· Mood disorders are changes in mood which are pervasive, sustained, and not influenced by outside events.  And, they must be accompanied by vegetative (changes in energy, sleep, appetite) and psychomotor (think, move more slowly or quickly) disturbances.  It’s a departure from the person’s usual function, and the change tends to recur over time.  The two main types of mood disorders are major depression and bipolar disorder. 

· Major depression requires at least two weeks of 5 or more of:  depressed mood, diminished interest/pleasure, weight loss/decreased appetite, insomnia/hypersomnia, psychomotor retardation/agitation, fatigue, poor concentration, or thoughts of suicide.  It must cause clinically significant dysfunction, sometimes not affecting all aspects of a person’s life (they may be ok at work, for example).  
· Bipolar I disorder requires the presence of at least one manic episode and has recurrent depressive and manic episodes.  With mania, you see hallucinations/delusions, hospitalization resulting from danger to self/others, or major problems in one’s life (bankrupting yourself).  Bipolar II disorder is the same, but with hypomania instead of mania.  Bipolar individuals spend the majority of their time in the depressed state.  
· Major depression affects ~10% of men and 20% of women, and it’s a major cause of disability.  Bipolar I is 1% in both sexes.  Bipolar II is ~4% total, but twice as common in women.  

· Mood disorders are a source of significant mortality, with ~15% of bipolar or depressed patients committing suicide.  Depression also doubles your chances of death at any age, independent of suicide. 

· The depressions of major depression are characterized more by anxiety, somatic complaints, agitation, loss of appetite, insomnia, and pain sensitivity.  The depressions of bipolar disorder are characterized more by atypical features like mood lability, psychomotor retardation, irritability, hypersomnia, psychotic features, substance abuse, and quick responses to antidepressants (though drugs may make them manic).  
· Bipolar disorder is treated first with mood stabilizers like Lithium, Depakote, and Carbamazapine.  Adjunct mood stabilizers include Lamictal, Topiramate, and atypical antipsychotics.  In severely ill patients you can then add an antidepressant (or just ECT instead of drugs).  To do this, you first maximize the mood stabilizer, then add the anti-depressant (lamotrigine, buproprion, or paroxetine).  If necessary, you can add another SSRI, venlefaxine, or an MAOI.  Antidepressants can be added earlier in bipolar II.  
· Antidepressants elevate mood in the mood disordered (may make patients manic), whereas mood stabilizers promote neutrality.  

· Antidepressants include:

· SSRIs:  Fluoxetine, sertraline, paroxetine, fluvoxamine, citalopram, escitalopram.  

· Dual action/atypical/mixed:  Venlafaxine, duloxetine, nefazodone, buproprion, mirtazapine.

· Tricyclics:  Nortriptyline, amitriptyline, desipramine, imipramine

· Monoamine oxidase inhibitors (MAOIs):  Phenelzine, tranylcypromine
· Iproniazid (MAOI):  This was a TB med that was noted to cause euphoria.  It was found to be an anti-depressant and led to the development of 7 MAOIs, and also the tricyclics.  It was withdrawn due to hepatotoxicity.  
· Imipramine (tricyclic):  This was developed in search for antihistamines, and was found to be an anti-depressant.  TCAs were the most widely used anti-depressants from 1960-1990.  
· SSRIs block the reuptake of serotonin only (the only anti-depressants to affect 1 NT), and they are the first line treatment for depression.  They have mild side effects, 1x/day dosing, few drug interactions and they’re not lethal in an overdose

· Side effects include HA, GI upset (take with food), sexual dysfunction (warn patients about it, take a sexual history before hand, and ask about this), and sedation/activation.
· Dual action anti-depressants block reuptake of Nepi and serotonin (basically like TCAs but with a different structure).  They include serotonin-Nepi reuptake inhibitors (SNRIs).  These are generally used in patients who don’t respond to SSRIs (2nd line), and there’s some evidence of superior efficacy and maybe faster onset.  Bupropion has little sexual dysfunction, so can be a good alternative to SSRIs.  
· Bupropion can be stimulating, lowers seizure threshold (not good in seizure disorder patients), cause tachycardia/HTN, but no sexual dysfunction.

· Mirtazapine is very sedating and shows increased appetite/weight gain.  

· Venlafaxine increases BP, causes GI distress, is stimulating, and can have a withdrawal syndrome (needs to be taken very regularly)

· Duloxetine causes GI distress, sedation and dizziness.

· Tricyclic anti-depressants inhibit reuptake of (thus increasing) Nepi and serotonin.  These drugs are lethal in an overdose, but may be uniquely effective in some patients (particularly in elderly patients or patients with chronic pain).  But, they’re reserved for people who fail SSRIs and dual action drugs because of their high side-effect profile.  

· Side effects include orthostatic hypotension, sedation, EKG changes, dry mouth, and constipation.  It can help to warn patients about these ahead of time.  

· MAOIs block MAO A and B, and they increase DA, Nepi, and serotonin.  This class of drugs is great for some patients, but they must adhere to a low tyramine diet (cheese, aged meats, wine) or else they can go into hypertensive crisis.  This can also happen with OTC cold meds.  It can be lethal in an overdose or when combined with other meds, so people are very hesitant to prescribe it.  

· Side effects include orthostatic hypotension, hypertensive reactions to foods with tyramine, sexual/GI dysfunction and peripheral edema.

· These drugs led to the Biogenic Amine Hypothesis, a proposed pathogenic mechanism for major depression.  It stated that major depression is caused by a deficiency in CNS concentrations or receptor function of NTs, including Nepi, Epi, DA, and 5HT.  Also, reserpine depletes CNS biogenic amines and causes depression in humans and animals.

· Variations were later developed, but it’s not really clear what the main broken part is. 
· The Catecholamine Hypothesis states that depression is caused by a deficiency of catecholamines, particularly Nepi.  And, mania is caused by an excess of catecholamines.  Or depression may be considered an increase in cholinergic activity compared to noradrenergic activity.  
· The Serotonergic Hypothesis states that depression is produced by a deficiency in serotonergic neuronal function, which can be detected as an increase in post-synaptic receptors.  And, subgroups of patients with low CSF concentrations of serotonin metabolites are more likely to commit suicide.  

· Problems with these hypothesis include:  Antidepressants act to increase NT levels quickly, but patients don’t improve for weeks.  So it’s likely due to a downstream effects of the neurotransmitters.  There is also a subgroup of patients who don’t respond to any antidepressants, or who develop resistance to treatment.  So depression is likely a heterogeneous group of disorders.  

· In prescribing an anti-depressant, you generally give an SSRI first, then dual action drug, then TCA, an rarely an MAOI.  Choose what’s worked for the patient or a family member before, and also based on the side effect profile to balance the patient’s symptoms.  

· It’s important to tell the patient that no improvement may be noticed for 2-4 weeks, and they may need to continue for 8 weeks before deciding an agent has failed.  Improvement continues for up to 3 months after starting the meds, and side effects frequently improve as depression improves.  

· About 50% of patients will respond, and about 1/3 will achieve remission.  Patients who fail a first line treatment are less likely to respond to a second line treatment.  Drugs are often used for 6-12 months if it’s the patient’s first depressive episode.  With two major depressive episodes, the chance of recurrence is over 95% so treatment may be continued throughout their life.  

· Anti-depressants can also be used for panic disorder, OCD, anxiety, chronic pain, insomnia and migraines.  

· ECT is hands down the best treatment for depression, achieving a 90% response rate.  Its mechanism is unknown though, and it may increase general NT function or glutamate release.  It usually takes about 6 treatments to see an effect.  

Mood Stabilizers:

· Mood stabilizers treat acute mania without causing depression and they treat acute depression without causing mania.  Basically the treat/prevent mania and depression, and they’re mostly used to treat bipolar disorder.
· Bipolar disorder (manic-depressive illness) includes bipolar I (depression and manias) and bipolar II (depression and hypomanias).  It’s a leading cause of disability among adolescents and adults.  

· Lithium has been used since the 1800s to treat a wide variety of ailments, including mania and depression.  Its modern use for bipolar disorder was largely due to a discovery by John Cade, an Australian psychiatrist.  It took a little while to gain favor, since some deaths were reported in people taking lithium, but it has been shown to be efficacious for acute mania (requires 10-30 days for effect, so it’s often used along with anti-psychotics that act much faster) and prophylactic treatment of mania/depression.  For prophylaxis, patients taking Li are much less likely to relapse and much less likely to commit suicide (one of the few meds for which this is established).  
· In major depression, Li can be helpful as an addition to anti-depressant treatment.  This is supported by large studies.  

· Side effects of Li include polyuria and increased thirst, weight gain, hypothyroidism, and interstitial nephritis (rare), and nausea/vomiting.  At high blood levels, you can see dysarthria, ataxia, seizures, delirium, and renal failure.  

· Because lithium blood levels highly correlate with therapeutic and toxic effects, levels are often measured.  You’d like them to be between 0.7 and 1.2 mEq/L.  NSAIDs and thiazide diuretics can increased lithium blood levels.

· The other mood stabilizers are anti-convulsants.  They include the well-established mood stabilizers lamtrigine, divalproex sodium (valproic acid), and carbamazepine.  Newer agents with unclear effects include topiramate, oxcarbazepine, zonisamide, and tiagabine.  

· Lamotrigine has been shown to be effective in RCT, and it tends to be more effective in preventing depression than mania.  It was the first drug approved (in 2003) for maintenance treatment of bipolar disorder since lithium in 1970.  Lamotrigine is a little better than lithium for preventing depression, but a little worse than lithium at preventing mania (still better than placebo though).  

· Adverse effects of lamotrigine include rash in 10-15% of patients, and this can occasionally progress to Stevens-Johnson syndrome.  This can be minimized with a slow escalation in dose.  

· Divalproex sodium (valproic acid) is approved for treating acute mania and has effects comparable to lithium.  Even though it was approved for treating acute mania, it was aggressively marketed to be used as a maintenance therapy.  But, there’s not strong evidence of its efficacy in this context.  The desired blood levels of divalproex are 50-120 mg/L.
· Adverse effects of divalproex include nausea, diarrhea, tremor, sedation, ataxia, alopecia, and weight gain.

· Carbamazepine has a tricyclic structure and was first approved as an anti-epileptic.  Its absorption is pretty slow and erratic.  But, it was shown to be effective both for acute mania and for prophylaxis in bipolar disorder.  Desired blood levels are 4-12 mg/L, but these drugs can autoinduce liver enzymes (increase production of the enzymes that metabolize it) so levels may decrease over time.  

· Side effects include vertigo, nystagmus, ataxia, and rare but fatal blood dyscrasias, hepatic failure and pancreatitis.  This drug can also be lethal in an overdose.

· The mechanism of action of these drugs is not well established.  It may be due to inositol depletion (Li, valproic acid and carbamazepine may lead to inositol depletion), but a reduction in inositol isn’t consistently found and adding inositol doesn’t reverse the drugs’ effects.  Also, the inositol effects occur in 5 days, while clinical changes take much longer.
· The mechanism for these drugs may also be through the GSK-3-beta/Wnt signaling pathway.  GSK3-beat regulates cytoskeletal processes and long-term nuclear events.  It’s also involved with Wnt signaling (related to cell growth, embryogenesis and brain development).  Li and valproic acid are known to act on this pathway.  
· In the future, mood stabilizers may be used as research tools to help find genes involved with bipolar disorder (ex: study gene variants to see if they’re preferentially associated with clinical response to one drug or another).  Knowing susceptibility genes may give information about pathophysiology and eventually lead to rational drug design.  

Neuroleptics (Anti-Psychotic Drugs):

· In the 1940s, Laborit found that phenothiazine anti-histamines (particularly promethazine) would calm patients without putting them to sleep.  He was given chlorpromazine, known to have more sedative effects, and he recommended its calming properties to his psychiatrist friends.  His colleagues noted its effects in manic and schizophrenic patients.

· Chlorpromazine was noted to have a unique anti-psychotic effect, even if patients weren’t particularly sedated by the drug.  Both mania and schizophrenia were improved, suggesting an anti-psychotic action, but schizophrenic patients benefited more, suggesting a unique anti-schizophrenic action.  The effects were achieved at widely varying doses among individuals, but whatever dose produced an anti-psychotic effect also produced Parkinsonian side effects (and tardive dyskinesia), suggesting a neurologic mechanism of action.  

· Neuroleptic drugs that are minimally sedating are just as anti-psychotic as heavily sedating agents.  Classical sedatives like barbiturates don’t relieve schizophrenic symptoms to any significant extend.  And neuroleptics are effective in both quieting hyperactive patients and making retarded patients more active.  

· The classical neuroleptic drugs are haloperidol and phenothiazines.  Phenothiazines (chlorpromazine, promazine and fluphenazine) share a three ring structure with an amine group.  The most potent of these is fluphenazine, which has a piperazine side chain as opposed to the alkylamino side chain the others have.  Haloperidol has a completely different chemical structure, but very similar action.  These drugs do a good job of treating positive symptoms of schizophrenia like hallucinations, delusions, bizarre behavior and thought disorder.  But they’re not great at treating negative symptoms like flat affect, paucity of speech, apathy, anhedonia, or social inattentiveness.  
· Reserpine was another early drug that had anti-psychotic properties.  This drug also decreased blood pressure, and it acted to decrease Nepi and sserotonin.  But, a side effect was that it caused lots of depression.  

· The classical neuroleptic drugs act by blocking dopamine receptors.  Their ability to mimic dopamine’s structure predicts their antipsychotic potency, and the more potent neuroleptics block dopamine receptors more than serotonin or histamine receptors.  Dopamine receptors can be D1-like (increase adenylate cyclase activity) or D2-like (decrease adenylate cyclase activity), and neuroleptics exert their effects at the D2 receptor (shown by haldol being very potent and binding D2 well, but D1 poorly).  

· Dopamine neurons are located in extrapyramidal regions (from substantia nigra to caudate and putamen, to the corpus striatum for regulating extrapyramidal motor function), which explains the Parkinsonian side effects of neuroleptics.  Dopamine neurons are also in the limbic regions of the brain (anterior cingulated gyrus, prefrontal cortex, etc) that regulate emotional behavior, and blockade here may lead to the antipsychotic effects.  Dopamine neurons are additionally in the hypothalamus where they contribute to inhibition of prolactin secretion, so blockade can result in elevated prolactin (leading to amenorrhea).  

· The D2-like dopamine receptors include D2, D3, and D4.  D3 and D4 are more concentrated in the limbic structures, so drugs selective for these might be antipsychotic with fewer side effects.  

· The atypical neuroleptics are a newer class of drugs that was developed based on the structure of clozapine.  They have fewer extrapyramidal (Parkinsonian) side effects, and they can treat both the negative and positive symptoms of schizophrenia.  

· Clozapine shares structural similarity with the phenothiazines, but it showed remarkably different clinical properties.  Patients who didn’t respond to other drugs did respond to clozapine, it treated negative symptoms (which was good because these caused significant impairment), and it showed less Parkinsonism/tardive dyskinesia.  But, it was associated with an idiosyncratic drug reaction that produced potentially lethal agranulocytosis (low WBC) in 1% of patients.  Now when it’s given, regular hematologic checks are required.  

· Other atypical neuroleptics that have actions similar to clozapine were subsequently found, and these do not cause agranulocytosis (and they cause less sedation too).  They include risperidone (structural similarity to haldol) and olanzapine, aripiprazole, zeprasidone, and quetiapine (structural similarity to phenothiazines).  Aripiprazole is unique in that it is a presynaptic dopamine agonist that inhibits DA release. 
· These atypical neuroleptics may have their unique activity against negative symptoms as a result of blocking serotonin 5HT2 receptors, but it’s not well described yet.  Because they have fewer side effects, atypical neuroleptics are used in many non-schizophrenic patients too (agitated AD or delirious patients).  But, some studies have shown that these drugs may lead to earlier death in demented patients without providing meaningful therapeutic benefits.
· The relative degrees of sedation and extra-pyramidal side-effects often determine the choice of the optimal neuroleptic (both classic and atypical) for patients.  

· Acute extrapyramidal motor effects can mimic Parkinson’s (rigidity, tremor) or involve akathisia (motor restlessness) or abnormal movements.  Since DA blockade accounts for both the anti-psychotic and Parkinsonism effects, you’d think all drugs at optimal therapeutic doses would have similar extrapyramidal side effects.  But they vary a lot, likely due to their varying anti-cholinergic activity that can block development of the features of Parkinsonism.  Fluphenazine, risperidone, and haldol have lots of this at therapeutic concentrations (they’re also among the most potent anti-psychotics), whereas clozapine and the other phenothiazines don’t have as much (most anti-cholinergic activity).   
· Tardive dyskinesia occurs after prolonged treatment with high dose neuroleptics, and it can be irreversible.  It’s like the opposite of acute extrapyramidal reactions, because in tardive dyskinesia you see hypermotility (in limbs it can be disfiguring, in the mouth it can impair swallowing, etc).  This may be due to increased sensitivity of DA receptors, due to upregulated receptor expression following neoleptic-mediated dopamine blockade.  Clozapine doesn’t cause tardive dyskinsia, which is highly desirable, and other atypical neuroleptics haven’t had much time on the market, so it’s unclear.  
· Non-neurologic side effects occur more in alkylamine phenothiazines and less in clozipine, so it’s like a trade-off between Parkinsonian and non-neurologic side effects.  These include orthostatic hypotension and sedation, from alpha-adrenergic blockade.  Tolerance can develop to these effects, so they can be minimized by slow dose escalation.  The atypicals risperidone 
· Weight gain, sometimes massive, due to increased appetite and metabolic effects can occur with neuroleptic treatment.  Clozapine and olanzapine cause the most weight gain, and they’re also the most effective anti-psychotics.  Haldol doesn’t have this effect much.  This may be due to anti-histamine activity in the hypothalamus.  Anti-histamines for allergy don’t have this effect because they’re given at too low doses for too short a time.  
· So overall, atypicals are good in that they treat negative symptoms and clozapine works in more patients than other neuroleptics.  Clozapine is definitely the best drug, and other atypicals haven’t reproduced its efficacy.  But, it can’t be a first line drug because agranulocytosis is potentially fatal.  Haloperidol is probably then the first agent, because it’s pretty good and pretty cheap.
· Newer atypicals are too new to judge definitively, but it looks like they don’t cause agranulocytosis and they’re now being used both for psychotic patients and also to calm mania or anxiety.  
· Olanzapine may be the most effective atypical other than clozapine.  Clozapine and olanzapine rarely cause extra-pyramidal side effects (due to anti-cholinergic effects).  Olanzapine and risperidone are sedative and hypotensive (due to anti-adrenergic potency).  Ziprasidone may lead to lethal cardiac arrhythmias (torsade).  Risperidone is more likely to cause extrapyramidal side effects.  Aripiprazole causes less weight gain.  
Sedatives:  

· Sedatives are drugs that produce calmness.  Hypnotics are drugs that promote sleep.  Many drugs have both of these actions.  

· Anxiolytics are drugs that eliminate anxiety (basically a sedative in that it produces calmness) but do not cause drowsiness/sleepiness.  

· A tranquilizer is a compound that reduces aggression or hostility.  It may sometimes describe anti-psychotics or sedatives.

· Sedatives include:  Benzodiazepines (-epam suffix), Z-drugs (zolpidem, zaleplon, eszopiclone), Barbiturates, Chloral hydrate (popular in peds and geriatrics), Antihistamines (often used as OTC sleep meds), Buspirone (anxiolytic), Melatonin (may just help sleep), Ramelteon (melatonin receptor agonist), and the antidepressants Trazodone and TCAs which may have drowsiness as a side effect.  

· The benzodiazepine receptor is associated with the GABA receptor.  Both suppress nerve activity by letting Cl into the post-synaptic neuron.  Long-acting benzodiazepines (like chlordiazepoxide or diazepam/valium) go through lots of metabolic steps in the liver, so their durations are increased significantly with liver disease or some metabolic abnormalities.  Short/intermediate acting benzodiazepines (oxazepam, temazepam, lorazepam) aren’t affected as much by these conditions, because they only undergo the last reaction of the metabolic pathway (glucuronidation) before they’re excreted into the urine.  So those three short-duration drugs are not metabolized by CYP3A4, like most other benzodiazepines. 
· With elderly patients, you need smaller doses of benzodiazepines to get a response.  This is partially due to decreased rates of liver metabolism and accumulation of the drug.  But, you also see an increased response at the same drug concentration, because elderly patients are also more sensitive to these drugs.  

· With short term treatment, benzodiazepines decrease wakefulness throughout the night.  But into the 2nd/3rd weeks of treatment, they still make people fall asleep faster, but the shorter acting drugs show tolerance and patients become increasingly awake (more than baseline) later in the night.  This is due to tolerance, where the higher frequency and dose with which you use the drug, the less effective it becomes.  So benzodiazepines are approved for short-term treatment of sleep difficulties, and the less the patient takes it the better it works.  

· Flumazenil (an imidazobenzodiazepine) inhibits benzodiazepine binding to its receptor and doesn’t affect GABA transmission.  It specifically antagonizes benzodiazepines in the CNS (not peripherally).  So it can be used to reverse the effects of benzodiazepines, as in cases of overdose or when you want to reverse the effects of the drug.  Patients chronically on benzodiazepines may experience seizures due to withdrawal when flumazenil is given.  But more importantly, flumazenil has a short half life.  So it may be given and reverse the effect of a benzodiazepine, but if the benzodiazepine is long acting the flumazenil may wear off and you can become sedated again.  

· Lethal overdose with oral benzodiazepines taken alone occurs rarely, if ever.  Fatalities almost always involve concurrent use of alcohol or other CNS depressants.

· The Z-drugs are not structurally related to benzodiazepines, but they all bind the benzodiazepine receptor and have very similar effects.  The side effects (antegrade amnesia, rebound insomnia, and withdrawal) are also shared with benzodiazepines. 
· Zolpidem supposedly has little effect on the stages of sleep, but this doesn’t have much clinical relevance.  It also doesn’t have anxiolytic, anticonvulsant or muscle relaxant effects.  

· Zaleplon has low potential for abuse, but can lead to limited dependence (just like benzodiazepines).  And, like benzodiazepines, it’s metabolized by CYP3A4.  It may cause somnolence the next day and antegrade amnesia.  It has a rapid onset and short duration.  Abrupt withdrawal after high doses can cause seizure.  Rebound insomnia can also occur.

· Eszopiclone (Lunesta), unlike zolpidem and zaleplon, has a long half-life.  It’s gotten great marketing in the US. 

· Barbiturates bind at or near the GABA receptor (but not at the benzodiazepine receptor) and increase the duration but not frequency of Cl channel opening.  They’re not bad sedative-hypnotics, but they may be a little more likely to be habit forming and cause withdrawal.  They’re not used much as sedative-hypnotics.  

· Melatonin is released from the pineal gland in response to light/dark, and it modulates circadian rhythms.  It has a short half life and binds all melatonin receptors.  Many people use this OTC for jet lag and various sleep symptoms (but he doesn’t support this use).  It may have some sedative effect, but it’s not really used clinically for this.
· Ramelteon is a melatonin receptor agonist, and it’s the only sedative-hypnotic so far in this lecture that’s not a controlled substance.  It selectively activates the MT1 and MT2 receptors involved in circadian rhythms and sleepiness.  It slightly increases how quickly you fall asleep, though it doesn’t improve sleep maintenance (but rebound insomnia and withdrawal effects are not seen here, unlike the other drugs).  

· Ramelteon is pretty short acting, so it’s mostly gone by the time you’d wake up.  But, it’s metabolized by CYP1A2, 3A4, and 2C9 so there’s potential for lots of drug interactions.  CYP3A4 inducers like rifampin can really reduce serum concentrations.  But, giving fluvoxamine or other potent CYP1A2 inhibitors can really increase serum concentrations.  Cipro may have a similar effect.  But, this may increase toxicity.  High fat meals can also impair absorption. 

· Toxicities may include teratogenicity (seen in rats) and increased serum prolactin that may cause infertility and/or osteoporosis.  So the toxicities here are different.

· Antihistamines for sedation are not necessarily better just because they can be obtained OTC.  They just have different toxicities, for example antihistamines won’t cause profound addiction but can cause next-day sedation and impairment of performance skills.  Antihistamines also have anti-cholinergic side effects like dry mouth and urinary retention.  Most people only use them short-term, which is good because tolerance to their sedative effects occurs quickly.  
· It’s important to figure out why people aren’t sleeping before just giving them a pill.  It may be better to address sleep hygiene and other factors that can be improved without drugs, especially since almost all of the drugs have side effects and only work for short periods.  It is very commonly due to the effects of other prescription drugs a patient may be taking. 

· Choosing among the classes of drugs for insomnia:  Benzodiazepines can be quite cheap, especially generics.  The Z-drugs are still on patent and more expensive…since they’re so similar to benzodiazepines the benefits of using these aren’t that great considering cost.  Ramelteon is moderately priced, between benzos and Z-drugs.  

· Buspirone (anxiolytic) has an unknown mechanism (maybe serotonin receptor stimulation), and its major metabolite is an alpha2-antagonist.  Buspirone also has dopamine receptor affinity, but none for benzo or GABA receptors.  It purely treats anxiety (calms you) without the sleep/hypnotic effects.  

· Depressed people often have sleep abnormalities, but they tend to fall asleep easily and not sleep well.  

Stimulants:

· Amphetamine has a structure related to ephedrine, and early on it was used for tons of things (allergies, asthma, depression, obesity, narcolepsy, Parkinson’s, etc).  Most of these uses have fallen out of favor.
· The actions of stimulants include increased attention, vigilance, and activity, and decreased appetite.  Sometimes patients can get increased confidence or euphoria.  Patients may experience clinically insignificant decongestant/bronchodilator actions or increases in BP, heart rate, and respiratory rate.

· The legal stimulants include:

· Amphetamines – D-amphetamine, mixed amphetamine salts (Adderall…not a clean formulation), methamphetamine (Desoxyn), and lisdexamfetamine (Vyvanse).  

· Methylphenidate – DL-methylphenidate (many names, including Ritalin), D-methylphenidate (Focalin).  

· Other dopaminergic/noradrenergic compounds – Atomoxetine (Strattera), modafinil (Provigil…marketed for wakefulness), and buproprion (Wellbutrin, Zyban…used for smoking cessation).

· OTC compounds – phenylpropanolamine, pseudophedrine.

· Others – nicotine, caffeine.  

· The illegal stimulants include:

· Cocaine, MDMA, home made methamphetamine, and many others.  

· Amphetamines (Adderall) block NEpi and DA reuptake and increase NEpi and DA release, basically flooding the brain with NEpi and DA. 

· Methylphenidate (Ritalin) acts very similarly, only it releases chronically stored NEpi and DA instead of recently stored NTs.  But it too floods the brain with NEpi and DA.  

· This will increased vigilance and attention in anyone, but won’t provide euphoria and is unlikely to cause addiction due to somewhat unpleasant effects when on the drug.  

· Atomoxetine (Straterra) blocks NEpi reuptake (increase NEpi), and it was actually first marketed as an anti-depressant.  This compound is non-addictive.  

· Modafinil (Provigil) may block DA reuptake (increase DA), but its mechanism is unclear.  It is also non-addictive.  
· All of these have very short half lives (D-amphetamine and modafinil a little longer), so the treatment strategy is to extend the duration without getting to many side effects (like insomnia later in the day).  They often require multiple dosing throughout the day.

· Indications for using stimulants include ADHD, narcolepsy, obesity (for appetite suppression), and activation/appetite stimulation in the elderly (esp. Ritalin).  It can also be used for depression or hypotension, but the short duration of action is particularly undesirable in these cases.  

· Common side effects of these drugs include decreased appetite, decreased growth (difficult to study), insomnia (esp. if given later in the day), and toxicities like being spacey/zombie with a flat appearance or emotional dysphoria, irritability, agitation, aggression, depression, or anxiety.  At high doses, they may cause paranoia, confusion or psychosis.  

· The dilemma with stimulants is that they’re effective for ADHD.  But they are short acting and have to be given throughout the day (very tough for compliance) but shouldn’t be given late in the day.  The side effects can also be pretty apparent (decreased appetite, insomnia, rebound increases in hyperactivity).  So basically they can be great for school, but not help much once the kid gets home since you try to avoid a loss of appetite or insomnia later in the day.  

· Potential solutions include multiple dosing (challenging), extended release drugs (often lead to more appetite suppression and insomnia…and also often lack rapid onset).  So you try to use combos of short and long acting drugs to make it work.  

· Getting these drugs to last longer is a big focus in the industry.  Patches may be good, in that they release drug throughout the day, and can be removed 3 hours before you want the effects to stop (meals, sleep).  This is really good, and the main downside is that they can cause skin irritation.  

· Other methods to extend duration include compressing the meds in the tablet, changing the binder compound to delay absorption, beading technology, pumps/containers, or prodrugs.  

· Methylphenidate and amphetamine have lots of extended release preparations available.  Vyvanse is unique in that it has a prodrug attached to amphetamine.  It only gets cleaved with exposure to gastric acid.  So now it’s the agent of choice for patients with addiction problems, since you can’t modify it to make methamphetamine.  

· How to use them practically:  Start with a short acting drug at home and identify the time to onset, duration of benefit, and identify the side effects.  Use other short acting drugs to maximize duration of benefit and minimize side effects.  Then add longer acting ones too.  

· There are a lot of controversies around these drugs, including whether kids are being over or under treated, if the effects are just performance enhancing (this does happen), risks of treating the unaffected, the effects of growth inhibition, addiction development (not a big risk if well controlled), if it causes brain damage or cardiac risks, and how to approach these types of research questions in kids.  
· A lot of people are worried about overtreatment with these drugs.  But, 7.8% of kids nationally have ADHD, and only 4.3% of kids get diagnosed/treated.  So we’re probably not grossly overtreating.  Factors associated with treatment include younger age, psychological difficulties, health care access, income, poor paternal mental health, etc.  

· Patients and their families obviously have a lot at stake in these cases, but so do doctors, religious groups, lawyers and the media.  

Behavioral Pharmacology of Substance Abuse:

· Substance abuse is ubiquitous, ranging from things like coffee/tobacco/alcohol to cocaine and heroin.  Prescription drug abuse has been increasing recently, especially with opioid pain meds.

· All drugs of abuse are self-administered and voluntarily taken to excess.  Despite their pharmacological variability, they’re all similar from a behavioral perspective.  Substance abuse disorders are acquired through normal learning processes, and they are influenced by their circumstances and consequences.

· There is universal vulnerability to these particular substances across species, so it’s not really something wrong with select individuals.  Everybody is vulnerable, especially physicians.  Different species even show stereotyped patterns of self-administration for different drugs (escalating doses of opioids, erratic flucutaions in alcohol use, regular stimulant use to target a given blood level).  Alcohol is used with spontaneous periods of abstinence even when withdrawal symptoms are present, so it’s the positive reward that appears to drive use more than preventing the negative effects of withdrawal.  
· All of the drugs of abuse show similar vulnerability factors (genetic predispositions may not be drug-specific), natural histories (onset in youth, chronic relapsing use, decreased use with age), clustering of multiple drugs used by individuals (so smoking can be a good marker of people at risk for other substance abuse), controlling variables to get people to stop, and treatment approaches.  

· Availability is a very common vulnerability factor.  Increasing the effort required to obtain a drug (cost, etc) will decrease its use.  But, it will also increase the total amount of drug-seeking behavior, which can include criminal activity.  So this presents a bit of a dilemma about what to do regarding drug availability.
· Learning is a critical part of developing dependence.  Drug abusers shows anticipatory learning/conditioning in which stimuli associated with drug use (location, paraphernalia) elicit a drug-opposite response which may contribute to tolerance or contribute to craving.  This may explain some incidence of overdose fatalities in new settings.

· Drug users also have distorted cognitive information processing.  They notice drug-related stimuli more and respond to it more than other people.  

· Drug use and seeking are operant behaviors, meaning they are influenced by their consequences.  Behavior is best controlled by rapid, strong consequences.  The reward for drug use is rapid, and the rewards of abstinence are often delayed and uncertain.  But, contingency management (arrange specific rewards for drug abstinence) has been proven to be one of the most effective treatments for substance abuse.  

· Drug users tend to increasingly discount the value of delayed rewards.  They inflate the value of immediate consequences, so the reward for drug use becomes really inflated and long term goals become less important.  Also, substance abusers and vulnerable people may face a distorted limited array of rewarding behavioral options to compete with drug use, so a big goal of contingency management is to provide effectively competitive rewards.  

· Pharmacological strategies for treating substance abuse include agonist substitution (by far the most effective since they provide behavioral reinforcement, but it’s not available for all substances), blockade, aversion, anti-craving, and symptomatic treatment of withdrawal.  

· Substitution therapies are often long term, and the goal may not necessarily be cessation.  Opioid agonist substitution therapies include methadone, buprenorphine (partial agonist), and heroin.  Nicotine agonist substitution therapies include nicotine and varenicline (partial agonist).  

· Therapies that only take away positive reinforcement (ex: disulfram/antabuse) tend to have poor patient acceptance and retention.  They typically require supportive behavior therapies to keep patients using the medications.  

· One big weakness of pharmacotherapy is that it is specific to a particular substance.  

· Behavioral treatments (contingency management, support groups, step programs, and motivational enhancement therapy) are generally effective across different substance types.  Brief interventions by physicians are effective, particularly from a public health perspective, but it’s hard to get docs to do it because they often don’t see the results.
· Regulating access to drugs makes them less likely to be abused, but with highly regulated substances you often get a black market that makes them very available.  

· The FDA applies regulatory scheduling of drugs with potential to be abused to restrict prescribing, manufacturing, distribution, etc.  Schedule I is the most restricted, V is the least.  In deciding this, they consider abuse potential, pharmacological effects, scope/duration and significance of abuse, risk to public health, if it can be converted to a controlled substance, etc.  For most psychoactive drugs, the FDA prefers to have evidence regarding propensity for abuse. 

· When evaluating these things, epidemiological experience is the best data.  But human or animal labs (test them in experienced abusers and see if they like it or if it’s like a known drug of abuse), biological mechanisms, and chemical structure may also contribute.  Some drug characteristics like rapid-onset effects increased likelihood of abuse.  

· To reduce abuse, you can restrict use, combine with other drugs, control release, make it cumbersome or expensive to use, and make improper use difficult or aversive.  For example, suboxone is a buprenorphine-naloxone combination for treating opioid dependence.  The buprenorphine is an agonist and naloxone an antagonist.  Naloxone is not delivered well sublingually, so this mode of administration gives mostly buprenorphine.  If you try and inject it IV for a faster high, the naloxone is effective and you get withdrawal symptoms due to the antagonism.  
· These strategies are difficult because they have to preserve therapeutic bioavailability, preserve acceptability/convenience, and avoid excess cost.  

Basic pharmacology of major classes of abused drugs:

· All ultimately influence the dopaminergic and serotonergic systems for reward and mood.  Pharmacalogic interventions at these pathways are not drug-class specific. 

· Opioids (heroin, morphine, methadone, oxycodone, hydrocodone, codeine).  These produce euphoria, pupillary constriction, and dreaminess.  Chronic toxicity is minimal, but you can OD and get death my respiratory depression.  It has physical dependence and withdrawal (dysphoria, chills, diarrhea, fever, insomnia).

· CNS stimulants (cocaine, amphetamine).  These produce euphoria, excitement, tachycardia, pupillary dilation, anorexia and agitation.  Chronic toxicity includes psychosis and aggression.  OD can produce stroke, seizure or death.  There is no physical dependence/withdrawal, but you can get rebound hypersomnolence and hunger.
· CNS depressants (alcohol, barbiturates, benzodiazepines).  These cause slurred speech, incoordination, unsteadiness, sedation and stupor.  Chronic toxicity with alcohol can lead to multiple organ damage.  OD can cause coma.  There is physical dependence and withdrawal, and if untreated it can be life-threatening.  You get autonomic hyperactivity, tremor, insomnia, agitation, anxiety and seizures.  

· Nicotine produces relaxation and mild stimulation.  Chronic toxicity is due to smoke and tar, not nicotine, and it includes heart/lung disease and cancer.  There is physical dependence and withdrawal, characterized by irritability, insomnia, anxiety, difficulty concentrating, restlessness, and hunger.  

· Cannabis (marijuana) produces dreamy sedation and perceptual changes.  Chronic toxicity like lung disease is related to the smoke.  There is physical dependence and withdrawal, similar to tobacco it can produce restlessness, irritability and insomnia.

· Caffeine produces mild stimulation, anxiety, jitteriness, and insomnia.  No chronic toxicity, though GI upset may occur due to beverage vehicle.  There is mild physical dependence and withdrawal, including headache and fatigue. 

Pharmacotherapy of Alcohol Dependence:

· Alcohol dependence is a maladaptive pattern of alcohol use leading to clinically significant impairment or distress.  You must have 3 or more of the following at any time during the same 12 month period:  tolerance, withdrawal syndrome (can be lethal, but is managed well with benzodiazepines…it lasts 3-4 days), drinking to avoid withdrawal, drinking more than intended, inability to quit, important activities given up due to alcohol, and continued use despite recurrent problems.  
· Alcohol use disorders are very common (14% of men, 6% of women).  These peak in 18-30 year olds and are maintained for about 10 years before treatment is sought.  These disorders have a lot of psychiatric comorbidity.  

· Pharmacological therapies can either manage acute withdrawal (benzodiazepines) or help with maintaining abstinence.  Drugs for maintaining abstinence may punish alcohol drinking (disulfiram), dampen the reward pathway (naltrexone), moderate long-term withdrawal symptoms like sleep/mood disruption that increase the risk of relapse (acamprosate), or normalize abnormal neurotransmitter functions that predispose to abuse (none available). 

· Disulfiram is an aversive medication that punishes alcohol drinking.  It inhibits aldehyde dehydrogenase, which normally converts toxic acetaldehyde into acetic acid.  So acetaldehyde accumulates as ethanol is metabolized and you get a disulfiram-ethanol reaction.  This is NOT a side effect, but the desired effect of the drug.  In the reaction, you get facial flushing, nausea/vomiting, hypotension and headache in 10-15 minutes following alcohol consumption (fast, so good for conditioning).  Most people never even challenge the drug when they take it, but compliance is poor.  To enhance compliance, you can use directly observed treatment, medication implants (not great), or incentives (best) like probation over incarceration, cash, employment or continued methadone treatment contigent upon disulfiram compliance.
· The drug takes effect 1-2 hours after administration, but remains effective for 4-6 days, so even if they miss a day they’re still protected.  Side effects are mostly mild and can include sedation, headache, garlic/metallic taste, dermatitis/rash, hepatotoxicity (needs to be avoided in liver disease patients…including a lot of alcoholics), neuropathy, psychosis, confusion.  

· Naltrexone decreases the reward of alcohol, and it’s more likely to keep patients compliant than a punishing treatment like disulfiram.  Alcohol works on many receptors, but naltrexone targets the opioid receptors.  
· Naltrexone is an opioid receptor antagonist (it binds the receptor, but has no stimulating psychoactive effects), which blocks the alcohol reward pathway.  It has no adverse interactions with common meds.  It has been shown to decrease quantity of drinks, craving or desire to drink, the high of drinking, and most importantly the likelihood that a ‘slip’ will lead to a full-blown relapse (since it reduces the rewarding sensation of drinking).  

· If patients fail a low dose, a higher dose may still be successful.  Some patients who know when they’ll be tempted can take it as needed.  Injectable naltrexone is available, but very expensive.

· It has a good safety profile.  It’s non-addictive and the most common side effects are GI upset, nausea, headache, dizziness, fatigues, and insomnia.  But, it’s not recommended for patients with liver failures/hepatitis (since it’s metabolized there), require narcotic analgesia or opioid substitution therapy (since this blocks opioid receptors), or are pregnant/nursing.  To get anesthesia for elective surgery, patients need to be taken off of naltrexone.  

· Acamprosate (aka Campral) is an NMDA receptor antagonist.  Glutamate action at NMDA receptors contributes to alcohol intoxication, cognitive impairment and some withdrawal symptoms.  Some European studies showed it to increase the duration of alcohol abstinence, but trials in the US have shown it to only be effective for very motivated patients (so it’s effect is small).  For the most part, it’s not much better than placebo.  
· It has no CNS side effects, abuse liability or drug interactions.  It is tolerated in patients with liver damage, unlike the other agents.  But it’s contraindicated in renal disease, because it’s excreted in the urine.  The side effects are moderate and include diarrhea (common, sometimes severe), nausea, vomiting, and headache.

· Treatment to normalize altered neurotransmitter function may be beneficial, because there are high rates of comorbidity with mood/anxiety disorders.  Substance abuse may also just be a way of self-medicating to treat a psychiatric disorder.  Alcohol abusers with psychiatric disorders are more likely to be non-compliant with treatment, relapse, have psychosocial problems, and have more severe psychiatric symptoms (and suicide).  

· The evidence for SSRIs to reduce alcohol consumption is mixed.  It looks like improving depression doesn’t necessarily improve drinking.  Now the focus is more on treating neurochecmical imbalance than fixing underlying psychiatric disorders.  Ondansetron, a serotonin antagonist has been shown in animals and some human research to reduce drinking (serotonin may play a role in early-onset alcoholism, and these people respond better to Ondansetron). 
· Psychotherapy complements the use of pharmacotherapy by increasing compliance and addressing issues not targeted by meds (coping, decision making).  But, it’s time consuming and expensive.  

· Substance abuse patients also have concerns about using meds, like cost, side effects, burden of taking daily meds, negative perceptions of addiction meds, etc.  

· Given how effective and easy these drugs are to use, they are really under-utilized.

Pharmacotherapy of Opioid Addiction:
· Optimal outcomes are achieved with concurrent medical and non-pharmaceutical treatments.  Addiction treatment is maturing as a field, with increased pharmacological options, professionalization, ancillary services, etc.  

Maintenance meds for opioid addiction:
· Buprenorphine is a mixed agonist/antagonist (partial mu agonist, ORL-1 agonist, kappa antagonist).  It has a bell-shaped dose-response curve, so the effect falls off at high doses.  It has a high affinity for the mu receptor and competes with other opioids to block their effects there.  Is dissociates slowly so has a prolonged therapeutic (antagonist) effect.  It also has a short analgesic effect too, which is why it’s a mixed agonist/antagonist.

· Buprenorphine is poorly bioavailable, so it’s mostly given IV or sublingual.  In the plasma, it’s bound to protein.  It is metabolized by CYP3A4 into active metabolites and other metabolites.  There are excreted in the urine.  

· It is as effective as methadone (both way better than placebo).  There is no evidence of cardiovascular side effects, but it can produce constipation and sweating.  There’s also a low risk of respiratory depression with OD (mostly only a problem when combined with benzodiazepines).  Monitoring liver function tests may be warranted.  
· It can also be abused if dissolved and injected.  To get around this, it can be combined with naloxone (an opiate antagonist) which is poorly absorbed sublingually, but when injected it’s potent and induces withdrawal.  So it doesn’t provide strong ‘highs’ but will really produce bad effects if taken IV. 

· Buprenorphine along (Subutex) can be used in pregnant women for a milder withdrawal in the infant or if the woman is allergic to naloxone.  The buprenorphine-naloxone combo is sold as Suboxone.  This doesn’t have to be administered in a special clinic like methadone, which was an important part of its development.  

· L-Alpha Acetylmethadyl (LAAM) is related to methadone and must be prescribed through a methadone clinic for opioid dependence treatment.  It was approved by the FDA, but association with torsade led to withdrawal from Europe and cessation of marketing in the US.  It didn’t make much of an impact since it couldn’t expand treatment beyond methadone clinics, and this influenced buprenorphine’s development.

· Methadone is a mu opioid receptor agonist with good oral bioavailability, a long duration of action (1x/day dosing), suppressed spontaneous opioid withdrawal, and it blocks effects of other opioids (cross-tolerance).  
· Methadone maintenance therapy (meds + non-pharmacological treatment) is more effective than placebo.  The efficacy of methadone is dose-related, and it improves the length of time people stay in treatment, decreases illicit opioid use (esp. at high doses), and improves other social changes like employment, less illegal activity, etc.  High doses over 50 mg don’t improve treatment retention (how long they stay in a program), but they are associated with less illicit drug use.  Non-pharmacologic treatments enhance outcomes.
· Methadone is generally safe and well tolerated.  Side effects include constipation and sweating, and with very high doses torsades can occur.  Since it’s a mu agonist, overdose carries a risk of respiratory depression.  OD occurs most when people take doses at home or give them to someone who is not as dependent.  
· Treatment is limited to a special clinic system, and physicians can rarely prescribe it outside of the system.  There was community resistance to opening more clinics, and expanding them has been difficult.  This was a big motivation for promoting buprenorphine use in normal offices.  Dosing is supervised and patients usually attend clinic 6-7 days/week, where they also get counseling.  Doses are titrated up from a low starting dose to avoid some side effects.  They are also subject to supervised urine collection and random testing.  This is a big hassle, so with a good record, patients can be given take-home doses (good contingency management strategy).  
· Naltrexone is an opioid antagonist (occupies receptor without activating it) that blocks the action of other opioids.  This is NOT reinforcing and doesn’t supply a high like the other three drugs above.  This was designed with the hope that it’d extinguish the reinforcement that people get by taking opioids.  
· Naltrexone can precipitate withdrawal in an opioid dependent person, so it shouldn’t be started until a patient has been withdrawn from opioids.  It is generally safe, and it’s effective if patients take it.  The trouble is getting people to continue taking it.  
· It’s pretty limited in its use for treating opioid dependence (like professionals mandated to take it for licensing).  They’re trying to develop a long-acting form that can be injected 1x/month.  
Medications for treating opioid withdrawal symptoms (medically supervised withdrawal/detox):

· Buprenorphine can be used for this, and it’s given as sublingual tablets.  Buprenorphine is pretty rapid onset, and it’s more effective than clonidine for rapid withdrawals.  It’s dosed much like it is for maintenance therapy, but withdrawal should be gradual to minimize withdrawal symptoms.  
· Clonidine is an alpha-2-adrenergic agonist used for HTN.  It’s not approved for opioid withdrawal, but well-established protocols exist.  It’s good for treating signs (but not symptoms) off withdrawal, so patients look good but don’t feel good.  Side effects include  hypotension and sedation.  It’s used less now that buprenorphine is available.  
· Methadone can also be used for detox (supervised withdrawal), but can only be given in an outpatient setting for up to 3 days.  In an opioid treatment program (methadone clinic), withdrawals can be done gradually over ~90 days.  More gradual withdrawal is more effective.  Withdrawal and eventual abstinence is less effective than maintenance treatment for most patients.  
· Symptomatic treatments can be used to treat withdrawal symptoms.  These include NSAIDs, anti-emetics, fluids, etc.  Opioid withdrawal in an otherwise healthy person is not life-threatening, it just has a high risk or relapse during withdrawal.  
Nicotine Addiction:

Lecture:

· Addiction is fundamentally a brain disease, but it’s not just a brain disease.  It stimulates the brain reward pathways and increases DA in the nucleus accumbens.  Its effects on the brain reinforce behavior, alter mood, and create a need for the drug that didn’t previously exist.  Increased expression of nicotine receptors is associated with tolerance/dependence.  

· There are lots of contributory factors (environment, physiology, etc).  Dependence is a compulsive use resulting from tobacco/nicotine exposure, commonly referred to as addiction.  Withdrawal is when symptoms (brain dysfunction) are caused by untreated cessation
· Cigarettes are among the most addicting and most toxic drugs.  This is facilitated by fast delivery, optimal particle size for deep lung penetration, pH control, etc.  2/3 of smokers may eventually stop, but there are still almost half a million deaths attributable to smoking per year.  These are mostly due to cancer, heart disease, respiratory problems, and some strokes.  So both prevention and treatment are important for patients.  Pregnancy is a common reason to quit, but women often start again after childbirth.  

· One problem with nicotine replacement therapy (patch, gum, etc) is that you don’t get the rapid, high arterial bolus that you do when you smoke.  Nicotine also has a higher activity at higher pH, which cigarette companies exploit.  Particle size is also carefully engineered to maximize the delivery of nicotine.  

· Nicotine has a stronger correlation between level of drug intake and dependence than other drugs.  Meds make it possible (not easy) to quit.  Replacement therapies include gum, lozenges, patches, nasal or oral inhalers.  You can also take varenicline.  Behavioral treatments also help, and they should be individually tailored.  

Handout:

· Smokers usually get 1-3 mg nicotine from a cigarette.  Smoke is inhaled as small particles which readily reach the alveoli where nicotine is absorbed with 90% efficiency.  Due to pH differences, nicotine in cigarettes is poorly absorbed unless inhaled, while nicotine in cigars can be absorbed well through the buccal mucosa.  

· Nicotine is very addictive and potent in producing reinforcing, mood altering effects (mediated by dopamine release in the CNS).  Cigarettes deliver a bolus quickly, which has a bigger effect than patches/gums.  

· Nicotine was widely used in the early study of the nervous system.  

· Tobacco deaths account for 20% of premature mortality in the US (globally over 5 million per year).  Nicotine itself (as opposed to smoke/tar) is not carcinogenic and doesn’t affect CV risk.  So substitution therapies are good, whether for cessation or long-term replacement.  The risk of lung cancer and other diseases is dose dependent.  Cigarette exposure is often expressed in pack-years.  Cigarettes (by design) often perform very differently in test machines than in real smokers, and despite regulation, the risk of lung cancer in smokers has increased.  Smoke is the toxic stuff, and nicotine replacement is by far the safest option if abstinence can’t be achieved.
· Smoking cessation provides dramatic, rapid benefits in smoking-attributable disease (CAD risk is nearly equivalent to non-smokers after 6-12 months).  So this is an important intervention.  It can even improve treatment outcomes in people who already have smoking-attributable disease.  

· Treatment supports prevention, as kids of non-smoking parents are much less likely to smoke.  And those kids who smoke are more likely to quit if their parents do.  So pediatricians may address smoking in parents.  

· The US has not yet joined the Framework Convention on Tobacco Control, which will impose restrictions on marketing, warning labels, etc.  

· Tobacco dependence is a treatable brain disorders.  Nicotine affects brain function, NT activity, and nicotine receptors (increased).  When delivered via tobacco, nicotine gets into the brain (and fetus, if present) fast at high concentrations.  Smoke makes the nicotine increasingly bioavailable.  Chronic nicotine exposure modulates mood, weight control, cognitive performance, leads to carvings, makes you tolerant to high doses, etc.  Withdrawal is worse when people were exposed to higher levels and can be intolerable due to dysphoria or impaired social/cognitive functioning.
· Tobacco addiction includes nicotine dependence (maladaptive and persistent use…for which the FDA has approved medications) and nicotine withdrawal (with cessation, you experience dysphoria, depression, insomnia, anxiety, lack of concentration, GI problems, weight gain).  

· Off label applications of medications:  

· Treatment of withdrawal but not with the goal of abstinence.  It may help people decrease smoking to meet occupational/social demands, or be used as a step to cessation.  

· Sustained smoking reduction in people who don’t want to abstain, but hope to lower their disease risk.  This could be a better alternative to ‘light’ cigarettes, which show little benefit.

· Maintenance to sustain remission and prevent relapse to tobacco.  

· Combining medications, even though there is advice against this.  Bupropion may be added for greater effect in some people, or using gum/spray/etc for breakthrough cravings

· FDA approved meds:

· Nicotine replacement meds are given on the first day of tobacco cessation and are indicated for several months to sustain abstinence.  Most recommend a gradual dose reduction and encourage behavioral support programs.  Dependence is low and safety is high.  These include gum (OTC), lozenges (OTC), transdermal patches (OTC or Rx), nasal sprays (Rx) and inhalers (Rx).  

· Bupropion (Zyban) is an extended release form of the antidepressant Wellbutrin.  It’s started 1-2 weeks before the quit date, and it is contraindicated in people with seizures, heavy alcohol use, and some meds.  Behavioral support is provided by manufacturer.
· Varenicline (Chantix) is a partial nicotinic agonist.  Doses escalate, and can be continued for 12-24 weeks.  

· Zyban and Chantix may cause behavioral changes, agitation, depressed mood and suicidal thoughts, so it comes with a warning.  But the incidence of these problems is pretty low, and the benefits of smoking cessation are worth the risk.  

· Meds under development or with promise:

· A nicotine vaccine, in which nicotine antibodies reduce nicotine levels in the brain and reduce reward and craving.  
· Clonidine may reduce nicotine withdrawal symptoms and aid cessation.  

· Antidepressants may contribute to success with cessation.  

· Nicotine antagonists alone and in combination with nicotine may work.

· Naltrexone may contribute to anti-craving effects.  It’s already approved for alcohol and opioid dependence.

· Anxiolytics (buspirone) are theoretically viable.  

· Peds:  help parents quit to protect their kids…the AMA endorses treating tobacco dependence in anybody encountered in clinical contexts. 

· Psych:  Smokers often have co-morbid psychiatric disorders or substance abuse problems (ex: analgesics), so ask about it.
· Many areas of medicine address consequences of tobacco use, so those clinicians should take an active role.  

· There’s lots of room to improve public health advances regarding smoking.  

Pharmacology of Opiates:
· Treating pain is a major part of medical practice.  Opium has long been used to treat pain and cause relaxed euphoria, and opiates remain the most effective way to treat pain today.  The main drawback is that they’re addicting, so the search for less addictive opiates has been a high priority.  

· Early pharmacology work with opiates established the concepts of drugs interactions with a specific receptor (in this case a GPCR) and antagonists/mixed-agonist-antagonists.  The receptor concept was supported by the fact that many opiates existed and had varying potencies, they were stereospecific, and there were antagonists selective for the opiates.  

· Agonists bind receptors and cause a conformational change that triggers signaling.  Pure antagonists occupy the receptor site without inducing this change.  But, many opiate have mixed agonist-antagonist activity, and there’s no chemical way to predict what kind of antagonist a drug will be.  But, agonists have an N-methyl group whereas antagonists (mixed or pure) have an N-allyl group.  Most of the opiate agonists/antagonists have a tyrosine-like benzene ring with an –OH.  
· Binding studies helped identify the opiate receptors.  Opiate binding to the supposed receptor correlated very closely with pharmacologic activity (measured in the intestine), which helped identify that particular protein as the receptor.  

· Binding of opiate agonists to the receptor is strongly decreased by sodium, whereas antagonist binding is not affected like this.  Mixed-agonists-antagonists are in between.  This reflects the link between the receptor and the G-protein system, which is different for agonists and antagonists.  

· Identifying mixed agonist-antagonists is important, because these drugs are often much less addicting than pure agonists.  But, some of them have psychotomimetic effects near the doses required for analgesia, which are probably mediated by the kappa receptor.  So mixed agonist-antagonists at the mu receptor may be less addicting and without major side effects.  It’s unclear why these are less addictive, though perhaps continuous receptor occupancy is required for addiction.  
· Opiates generally bind a GPCR, inhibit adenylate cyclase, open K channels and close Ca channels, inhibiting neurotransmitter release and neuronal function.

· There are mu, delta, and kappa opiate receptor subtypes, and ligand specificity for the different types varies (though most bind all three to some extent).  Mouse studies suggest that the mu receptor is responsible for the analgesic response to morphine.  But agonists at each receptor can cause analgesia.  Tolerance and dependence result from chronic stimulation of the receptors, but this link to addiction is unclear.  
· One side effect of opiates that is potentially lethal is respiratory depression.  Kappa agonists seem to produce less of this and also appear to be less addicting.  But, they also produce more undesirable effects like dysphoria, disorientation, and psychotomimetic effects.

· Endogenous morphine like NTs were identified based on their effects on smooth muscle and ability to compete with morphine for binding.  These NTs were called enkephalins, and they shared a similar distribution as opiate receptors.  Enkephalins (5 AA peptides) can cause analgesia when injected into the brain and cause tolerance/dependence.  Larger proteins containing the enkephalin pentapeptide were called endorphins and dynorphin.  Enkephalins are likely the endogenous ligands for opiate receptors.  

· Localization of opiate receptors:  

· Spinal cord layers I and II:  Responsible for pain in the body surface.  Opiates block transmitters like substance P from propagating a signal.

· Brainstem (substantia gelatinosa of the spinal tract of the caudal trigeminal nerve nucleus…basically CN5):  Pain perception in the head.  

· Brainstem (vagal nuclei – solitary tract, commissuralis, ambiguus):  Autonomic effects of opiates.

· Brainstem (locus coeruleus, parabrachial nucleus) and limbic structures (amygdala, interstitial nucleus of stria terminalis):  Emotional, eurphoric effects of opiates.  

· Brain stem (pretectal area, superior colliculus) and part of the LGN:  Miosis (pupillary contriction)
· Thalamic nuclei and PAG:  affective components of pain perception, blocked by morphine.  

· Opiate effects on pain ‘appreciation’ are supraspinal.  Patients still feel pain, but it doesn’t bother them.  Lateral thalamic nuclei and the PAG appear to be involved with this.  Though morphine classically affects the appreciation of pain, it also elevates the pain threshold by inhibiting release of NTs like substance P at the dorsal horns of the spinal cord. 

· Pupillary constriction doesn’t experience tolerance even in people who are tolerant to analgesic effects of opioids.  This is why addicts typically have pinpoint pupils.  
· Nausea involves opioid receptors in the area postrema, which is linked to the chemoreceptor trigger zone know to be associated with nausea.  Nausea is a big impediment to use of opiates, especially oral forms and related agents for moderate pain. 

· GI opiate receptors mediate constipation via receptors on the myenetric plexus that inhibit ACh release.  They decrease both propulsive and non-propulsive contractions (ex: sphincter tone).  The upside of this is that they are good treatment for diarrhea (they also reduce secretion of ions/fluid).  Loperamide (Imodium) is an opiate, but it doesn’t get into the CNS due to its considerable hydrophobicity so it’s not scheduled.  

· Coughing is typically treated with an opiate isomer (dextromethorphan) that is supposedly inactive.  It may involve receptors in the vagal nuclei (ambiguus, solitary nucleus), but likely not through convential opiate receptors.  Because it’s not a euphoriant, it’s sold OTC.  
· Respiratory depression is an action of all opiates that is potentially lethal.  Vagal nuclei (solitary tract) are very sensitive to low doses of opiates.  So even with low therapeutic doses, respiration can diminish.  Patients lose the ability to sense CO2 as a stimulus to breathe, though they can still respond to hypoxia.  If a comatose patient has an opiate OD, administering oxygen could produce a total cessation of respiration.  But patients can breathe voluntarily, and they’re often reminded to breathe.  

· This can also happen after chronic use when patients are already tolerant to the analgesic effects.  This often kills terminal patients treated with high doses of opiates for analgesia.  In these cases, naloxone (an opiate antagonist can be given).  

Typical opiates:

· Morphine:  Gold standard of the opiates and the drug of choice for severe pain.  Can be used post-op for patient controlled analgesia.  Oral bioavailability is poor, so it’s used IV.
· Codeine:  Morphine with an extra methyl group.  Codeine itself is inactive.  It gets gradually demethylated in the liver to morphine, so it doesn’t have much euphoria or abuse potential.  Oral bioavailability is very good.  Oxycodone and hydrocodone act similarly.  These are frequently formulated with Tylenol, since these compounds potentiate each other.
· Tramadol (Ultram):  Widely used weak mu agonist for moderate pain.  But it must have some other action, since it’s only partially blocked by naloxone.  It inhibits Nepi and serotonin uptake.  It’s less addicting and shows less respiratory depression than others.  
· Pentazocine (Talwin):  Mixed agonist-antagonist analgesic.  It’s less addicting, but causes psychotomimetic effects (likely due to kappa activity).  So it can’t be used at high doses to treat severe pain.  

· Heroin:  This is diacetyl morphine, which itself is inactive.  The acetyl groups allow it to rapidly get into the brain, where it quickly loses an acetyl group and becomes active.  This gives the rush and euphoria.  It’s short acting and leads to rapid withdrawal, so patients often inject constantly.  

· Methadone:  This is the principal treatment for heroin addiction.  Methadone is active orally and long acting, so it’s taken 1x/day.  A recent modulation (LAM) makes it last 3 days.  People on methadone maintenance are able to function normally without craving or altered states of consciousness, and it removes addicts from the illegal drug culture.  

· Buprenorphine:  It’s a mixed mu agonist-antagonist with no psychomimetic activity, and it’s much addicting (but still some) and longer acting than methadone.  This is pretty ideal.  It can be dispensed by retail pharmacies, which is really good, and it’s becoming widely used.  

· Naloxone (Narcan):  The first widely used opiate antagonist.  It’s useful for treating opiate overdose.  Patients can be in a coma and respond to this in a few minutes.  It’s only active IV and it’s short acting (repeat administration is essential), so it’s mostly useful for treating overdose.  

· Naltrexone (Trexan):  This is an orally active pure antagonist.  It could block the effects of heroin, but it’s tough to get patients to take it.  But, it is effective in enabling alcoholics to abstain from drinking by blocking reward systems.  

Opioid Medications:
· There are lots of different way to treat pain, which sort of reflects how little we know about what’s really happening in this system.  

· Opiates are potent analgesics (the most potent), have a quick onset, no ceiling of effect, efficacy in many pain syndromes and no GI, renal or hepatic toxicity like many other analgesics.  But, they can cause sedation, constipation, dependency/addiction/abuse, they lack anti-inflammatory effects, they show tolerance and neuroadaptation, and there’s a lot fo external scrutiny regarding their use.  So they’re a mixed blessing.

· Not every condition or patient responds the same way.  Different types of pain, temporal patterns of pain, patients with tolerance, stages of disease, drug factors, and patient factors all affect responsiveness.  
· Mu opioid receptors most likely mediate analgesia.  Mu, delta and kappa subtypes of receptors all have further categorizations with different responses to drugs.  There are also different categories of drugs too.  

· Opioid receptors activation inhibits presynaptic release of and post-synaptic response to excitatory neurotransmitters like substance P from nociceptive neurons.  Opioids mimic endogenous enkephalins and endorphins in the descending pain-modulating pathways that alter pain perception to inhibit nerve impulse transmission. 

· Tolerance can be innate (genetically determined and seen on the first dose…based on the receptor composition) or acquired (due to receptor desensitization, decreased concentration of drug at receptor, and/or learned/psychological tolerance).  

· Opioid-Induced Hyperalgesi (OIH):  Hyperalgesia occurs in some chronic opiate users.  It may be due to NMDA receptor activation and sensitization of pro-nociceptive pathways.  These patients responded to opiates at one time, but get increased sensitivity to pain, aggravation of pre-existing pain, or novel pain.  Usually this occurs at high and escalating doses of opioids, and you get severe allodynia (OIH2).  Rarely, it can be on opioid maintenance therapy (OIH1), and hardly ever at ultra-low doses (OIH3).  
· When opioids have short half lives, you get peaks and troughs in drug concentrations that go above (causing CNS side effects) and below (causing pain) the therapeutic range.  So longer acting opiates were highly sought after.  

· Consistent pain control is important because it can prevent unwanted pain behaviors.  Inadequate analgesia may cause pseudo-opioid-seeking behavior that mimics addiction.  Sustained/controlled release formulations can help.  Consistent pain control can also reduce breakthrough pain and the need for dose escalation.

· Long-acting opioids are all the same drugs, just with different strategies to slow their delivery.  

· Morphine:  The classic, most widely used, most potent opioid (a mu agonist).  It’s very effective and pretty well tolerated.  Oral bioavailability is mediocre.  It’s metabolized in the liver.  But, there’s lots of stigmatization around the drugs, with people afraid of addiction or that it’s a drug you take before you die.  
· Adverse effects include those common to all opioids (constipation, nausea, dizziness, sedation).  Some of its metabolites like M3G may have anti-analgesic or hyperalgesic effects, as well as stimulant/excitatory actions causing hallucination, delirium, behavioral excitation or nausea.  The ability of M3G to antagonize the effects of morphine are controversial.  
· Other metabolites like M6G are potent analgesics, and may be responsible for lots of morphine’s action.  But it’s also a powerful respiratory depressant. 
· Oxycodone:  This is another widely prescribed and widely abused opioid.  It is a kappa receptor agonist, and its metabolites like oxymorphine play only minor analgesic roles (at the mu receptor).  Oxycodone has good oral bioavailability, better in opioid-naïve females.  Rarely, if given with sertraline (Zoloft) if can cause ‘serotonin syndrome.’  It comes in short acting and long acting (Oxycontin) forms.  Long acting forms have a large percentage that gets released immediately, just as a result of how the pill is broken down.  
· Oxycodone is often given with acetaminophen as Percocet.  
· Methadone:  This is a synthetic mu agonist as strong as any other opioid.  In the US, it’s sold as a racemic mixture, but the R (aka L) form accounts for most of the analgesic effect.  This drug is relatively cheap and isn’t associated with the propensity to be abused like Oxycontin.  But it is associated with drug treatment and may show some NMDA blocking effects.  
· Methadone’s PKs are fairly unique with a varying bioavailability and half life.  This leads to varying serum levels, varying amounts of free drug (most of it is bound), and potentially drug accumulation among patients.  So it’s a little difficult to predict and typical conversion rates underestimate methadone’s potency.  Conversion ratios also are not bidirectional.      
· Methadone is metabolized via CYP 3A4 and 2D6, which lots of drugs can inhibit or induce.  So it has numerous drug interactions among its other potentially dangerous side effects (ex: Torsade…especially at high dose).  
· Buprenorphine:  This is a partial mu agonist and (at high doses) a kappa antagonist.  It binds very tightly, and can block the action of other opioids (so it’s contraindicated in opioid-dependent patients).  It is FDA approved for pain and induction of withdrawal.  Oral bioavailability is low due to first pass effect, but it’s absorbed well sublingually.  
· It can be given with naloxone (to prevent abuse) as Suboxone.  

· Fentanyl:  This is a mu agonist, most often given as a transdermal patch (difficult to abuse) because it’s very lipophilic.  Factors like body fat, temperature, sweat, etc affect delivery.  But it can also be given IV, in which case it’s extremely potent.  It often has less constipation than morphine.  Fentanyl is metabolized by CYP3A4, so has drug interactions.  
· Hydrocodone:  A classic opioid that is widely prescribed.  But, it’s rapidly absorbed and highly euphoric (with significant potential for abuse).  It’s often combined with acetaminophen (Vicodin) or ibuprofen.  This enhances the analgesic effect, but also limits how much you can take due to hepatic or renal toxicity.  Given Q3-6 hours.  

· Hydromorphone:  This is a mu agonist derived from morphine.  Studies have shown efficacy comparable to morphine, though it’s actually quite a bit more potent than morphine.  Its long acting form (Palladone) was pulled from the market due to an interaction w/ alcohol. 
· Oxymorphone:  This is a mu and delta agonist.  Oral bioavailability is poor, but may be improved with food.  Its metabolite has similar analgesic potency.  Oxymorphone has no CYP-based drug interactions.  But, when given with alcohol, it is absorbed much better…so this is something to be aware of.  
· Levorphanol:  This is a mu and kappa agonist.  Like methadone, it has some NMDA receptor antagonism.  It has a long half life and duration of effect.  It’s highly potent, much more than morphine.  
· Tramadol:  A weak opioid (mu agonist) that is an analog of codeine.  Its chief metabolite is also a potent analgesic.  It’s safe and a better analgesic than codeine.  

· Side effects of opioid therapy includes CNS toxicity (sedation, dysphoria, euphoria, agitation, disorientation), GI disturbance (nausea/vomit, constipation), respiratory depression, hypersensitivity, urinary retention, hormonal changes, myoclonus, immune modulation.  

· Sedation only occurs when there’s an escalation in dose or in opioid naïve patients.  Most patients getting regular doses build a tolerance to this effect.  Switching to longer acting drugs can avoid ‘peaks’ in drug levels that cause this.  If you see sedation, you should rule out other causes, discontinue non-essential meds, reduce dose if pain is ok, wait for tolerance, and consider alternate analgesic approaches.  

· When nausea and vomiting occur, look for other causes.  Opioids can cause it based on action on the chemoreceptor trigger zone, vestibular effects, or direct GI irritation.  Management should address meds, metabolic causes, or motility derangements.  It can be treated with DA antagonists (good, ex: halperidol), ACh antagonists (good, ex: scopolamine), and histamine antagonists (ok, ex: diphenhydramine).  Serotonin antagonists (ok, ex: ondansetron), prokinetic agents (poor, ex: metaclopramide), and antacids can also help.  
· Constipation occurs to some degree with all opioids, since they act in the GI tract.  Tolerance can develop slowly or not at all.  Dietary interventions alone are usually not sufficient.  Bulk-forming agents should be avoided in debilitated patients.  Stool softeners, osmotic agents, or stimulants should be used first, then followed with other options.  
· Opioids influence the hypothalamus, pituitary, adrenals and gonads.  Morphine can cause decreased cortisol, decreased FSH/LH/T/E, or increased prolactin.  

· Opioids can also be a little immunosuppressing.  

Pharmacology of Shock:

· Shock is an alteration in perfusion leading to diffuse cellular hypoxia and end organ dysfunction.  It is NOT just hypotension.  
· The brain and kidney autoregulate blood flow over a wide range of pressures.  Lots of people in the ICU have co-morbidities that make them more susceptible to hypoperfusion at higher pressures.  

· Shock can be caused by inadequate blood pressure, impaired cardiac function, impaired vascular tone, or impaired cellular function.  Often all of this can occur together, particularly in septic shock.  

· The goals of therapy for shock are to optimize end organ perfusion via altering cardiac output, hemoglobin, oxygen, or blood pressure.  

· Treatment begins with ABCs (airway, breathing, circulation).  Supplemental oxygen can be given, an airway should be established, vascular access should be obtained, you should provide adequate intravascular volume, and BP and CO should be supported.

· With a history, clinical exam (looking at urine output, peripheral exam and mentation) you can often establish a diagnosis.  

· The four main types of shock are distributive (sepsis, anaphylaxis, characterized by low systemic vascular resistance and increased cardiac output), cardiogenic shock (MI, characterized by high systemic vascular resistance and decreased cardiac output), hypovolemic shock (high SVR, low CO), and extracardiac obstruction (high SVR, low CO).  

· Oxygen delivery is essential, so cardiac output, hemoglobin, oxygen saturation, and blood pressure should ideally be high.  But trying to maintain BP can often decrease CO, which can be a big challenge in treatment of shock.  

Septic shock:  Antibiotics should be given early and directed at common pathogens from the patient’s source (institution, etc), without waiting for results of culture.  Delays increase mortality.  Once culture results are in, narrow the antibiotic coverage.  

· Volume resuscitation to maintain organ perfusion is also very important.  Clinical measures of perfusions include capillary refill, urine output and mentation…and lactate and venous oxygen saturation can be measured.  Inotropes and vasopressors should be considered, and the patient should be monitored.  

· Large volumes of fluid may be required to resuscitate a patient.  You can give crystalloids like saline or Ringer’s lactate, or you can give colloids like albumin and pentastarches.  Blood products may also be given.  Crystalloids are cheap, but may not stay intravascular as well.  Colloids stay in the vessels better, so smaller volumes may be needed, but they’re more expensive.  Studies don’t support routine use of colloids, as they found no clinically significant differences and some colloids caused mortality and renal problems.  Blood should theoretically be best, but in cases of non-hemorrhagic shock it showed no improved value supporting routine use. 

· Before starting any vasoactive meds, ensure a patient has adequate intravascular volume.  Increasing BP can maintain perfusion, but if the person doesn’t have enough volume and you increase afterload, you’ll really decrease perfusion and could push them over the edge.  If a patient is severely hypotensive,you can give volume and vasopressors together.  

· Catecholamines work at adrenergic receptors (GPCRs) and are good vasopressors.  Catecholamine effects are systemic, but we’ll focus on their CV actions.  Alpha, beta and dopaminergic catecholamine receptors are involved with BP.  Vasopressors raise blood pressure and aren’t limited to catecholamines (ex: vasopressin).  But the catecholamine vasopressors have alpha agonist effects.  In general alpha receptors vasoconstrict the peripheral vasculature whereas beta1 receptors increase inotropy and chronotropy.  With shock, Nepi and Epi are released systemically, but patients often require additional exogenous catecholamines to maintain BP.  

· Dopamine at low doses is largely dopaminergic (affects splanchnic circulation) with a little beta1 activity.  At high doses, it shows mostly alpha and beta1 activity.  But increasing the chronotropy isn’t that great in patients who already have tachycardia.

· Nepi is the most potent common vasopressor.  At low doses it has equal alpha and beta1 effects.  At high doses the alpha effects dominate (better for tachycardia patients).  

· Epi isn’t often given to adults (except in anaphylactic shock) because it really increases the cardiac workload and can cause MI or arrhytmias.  But it’s fine in kids.  At low doses it has mild alpha and beta1 effects.  At high doses it has strong alpha and beta1 effects.  
· Isoproterenol has no alpha effects, so it’s not really a vasopressor.  But it has beta effects (increase cardiac contractility, rate, and work load).  Because of this profile, it should NOT be given by itself for shock.  

· Dobutamine also has no alpha effects with beta1 action.  It, too, should not be given by itself to septic shock patients.  These drugs (isoproterenol and dobutamine) may increase the heart’s workload without increasing pressure and the ability to perfuse the heart.  They are inotropes, not pressors, so should not be used alone in septic shock.  
· Phenylephrine has only alpha effects, and it’s good if a person has a fast heart rate but still requires vasoconstriction.  You need to be sure that CO is adequate though, since you don’t want to increase resistance and decrease CO.  Phenylephrine is a pressor, but not an inotrope, as are vasopressin, angiotensin and L-NMMA (a NOS inhibitor).  These shouldn’t be used in someone with low CO.  
· Guidelines:  Nepi or dopamine are first line agents.  Vasopressin alone should not be used, but may be an adjunct therapy.  Dopamine should not be used for renal protection via its splanchnic effects.  

· While Nepi and dopamine are first line agents, vasopressors in general can be chosen by looking at their side effects.  If a patient is tachycardic, use phenylephrine.  If hypotension isn’t controlled, use Nepi.  Epi should only be used in anaphylaxis.  

· Increased oxygen delivery may be needed in sepsis, but is only effective if treated early.  When treatment was started late in critical illness, treating with dobutamine, transfusion, colloids, etc. increased CO but increased myocardial oxygen consumption too.  In the end, it made no clinical difference.  But, when they treated subjects earlier with fluids, inotropes, and transfusion, they had better outcomes.  

· There is evidence that sepsis may be due to an over-exuberant host response to bacteria or bacterial products.  But, treatments directed at inflammatory mediators show little or no efficacy.  
· It was thought that vasopressin might decrease the need for catecholamines during shock.  But, patients treated with Nepi and vasopressin showed no better outcomes than patients treated with Nepi alone.  

· A trial of a NOS inhibitor was actually shown to increase mortality and the study was stopped.  

· Glucocorticoids as treatment early in shock showed no benefit.  
· Blocking coagulation also showed no overall benefit.  Blocking protein C did show some benefit in very sick patients, but the increased risk of bleeding complications was greater.  
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