Multimodal analgesia= combining multiple analgesic drug classes or techniques to target different points along the pain pathway
	Additive/synergistic effect
	Lower doses result in fewer side effects
Definitions:
Pain= sensory event involving the peripheral and central nervous systems in addition to an unpleasant experience arising from, and reciprocally affecting, processes of higher consciousness
	Analgesia= absence of pain sensation
	Nociception= physiologic component of pain processing involving the 
transduction, transmission and modulation of signals generated by stimulation of peripheral nociceptors
Noxious= a stimulus that damages or threatens to damage tissue; it may be mechanical, chemical, or thermal
Allodynia= pain that is produced by a stimulus that does not normally provoke pain (i.e. by a nonnoxious stimulus)
Hyperalgesia= increased pain response to a noxious stimulus at the site of injury (primary) or in secondary undamaged tissue (secondary)
Analgesic drugs and their targets along the nociceptive pathway
	Drugs acting at peripheral nociceptors: Capsaicin, local anesthetics
	Drugs acting at primary afferent fibers: Local anesthetics, alpha 2 agonists
	Drugs acting at the dorsal horn: Opioids, NSAIDs, alpha 2 agonists, Local 
anesthetics
	Drugs acting at thalamocortical structures: Opioids, alpha 2 agonists
	Drugs acting at descending antinociceptive pathways: Opioids, alpha 2 
agonists
Drugs minimizing development of or showing efficacy during peripheral sensitization: NSAIDs, opioids
	Drugs minimizing development of or showing efficacy during central 
sensitization: Ketamine, amantadine, gabapentin, COX-2-specific NSAIDs
Pain pathways:
	Peripheral nociceptors: Transduction of noxious stimuli into electrical 
impulses occurs at primary afferent fiber nerve endings known as nociceptors
Most are non-selective ion channels that are gated by temperature, chemical ligands or mech shearing forces
Once activated, open and Na and Ca flow into peripheral terminal, depolarizing the membrane
		Presence, specificity, and threshold define diff classes
		Most are polymodal
		TRP ion channels are the major family- primarily thermoreceptors, 
but also respond to mechanical and chemical activators
			Subfamilies= TRPV1, TRPM, TRPA
			Capsaicin binds to TRPV1 receptors and activates; ultimately 
desensitizes
		TREK-1
	Primary afferent fibers:
If depolarizing current generated at peripheral nociceptors is of sufficient magnitude, voltage-gated Na channgels are activated, further depolarizing and causing action potentials to be generated and conducted along the axons of the primary afferent fibers
		Principal fibers=Adelta and C fibers
Type I and type II Adelta fibers are large, myelinated, rapidly conducting fibers with small receptive fields- first pain 
C fibers (most cutaneous nociceptive innervation)- small, unmyelinated, slow conducting fibers with larger receptive fields- second pain (poorly localizing, burning pain)
		Local anesthetics, alpha-2 agonists
Local anesthetics are all nonselective; future therapy is aimed at isoform-specific channel antagonists or gene therapy approaches targeted at downregulating specific receptors
	Dorsal horn neurons and ascending spinal tracts
		A delta fibers terminate in laminae I, II, and IIa
		C fibers terminate in laminae II, IIa, and V
		Primary afferents may synapse with local interneurons (exc or inh), 
with propriospinal neurons or with projection neurons that extend beyond the spinal cord to supraspinal structures
		Primary synaptic transmitter present in all types of primary afferents 
is glutamate
Most transmission between primary afferents and dorsal horn neurons occurs through postsynaptically located inotropic alpha-amino-3-hydroxyl-5-4-isoxazole propionic acid (AMPA) receptors with a small NMDA component
Nociceptive projection neurons= Wide dynamic range (WDR) and nociceptive-specific (NS) neurons
Most extend contralaterally to form the spinothalamic tract (STT)
WDR neurons predominate in lamina V and receive input from low-threshold Aalpha and Abeta fibers in addition to nociceptive input from Adelta and C fibers
NS neurons are concentrated in lamina I and respond to input from Adelta and C fibers only
WDR and NS neurons project to the reticular formation and thalamus of the brainstem by way of multiple parallel pathways called tracts including the spinothalamic tract, spinocervicothalamic tract, spinoreticular tract, spinomesencephalic tract, postsynaptic dorsal column pathway
		Drugs acting at the dorsal horn: Opioids, alpha-2 agonists and NSAIDs
Opioids and alpha-2 adrenoceptors act pre- and postsynaptically in the dorsal horn
Presynaptically decreased Ca influx reduces the release of excitatory transmitter substances
Postsynaptically, enhanced K efflux causes hyperpolarization of projection neurons, which also inhibits ascending nociceptive pathways
NSAIDs inhibit COX within the dorsal chorn
	Thalamocortical system
Sensory discriminative aspects of pain produced in lateral thalamocortical system which consists of relay nuclei in the lateral thalamus and the primary and secondary somatosensory cortices
Motivational and affective aspect of pain aris e in the medial thalamocortical system, which includes relay nuclei in the medial thalamus that send projections to limbic structures, hypothalamus and amygdala
Analgesic drugs: Opioids and alpha-2 agonists through effects on descending inhibitory nociceptive pathways
	Descending antinociceptive pathways
Four tiers: Dorsal horn, periaqueductal gray matter (PAG) of the midbrain, rostroventral medulla and pons of the brain stem and thalamocortical structures
			Within RVM there are on and off cells
Off cells hyperpolarize in response to STT activation and reduce transmission in the brain stem
On cells are excited by nociceptive input from the STT and engage pathways subserving arousal and aversive reactions to pain
At the level of the midbrain, PAG key structure- projections extending from PAG to the brain stem are inhibitory and excitatory
Opioids from the PAG act postsynaptically to suppress GABAergic interneurons in the brainstem, disinhibiting tonic and burst activity
Analgesic drugs- opioids, alpha-2 agonists (activation in the locus ceruleus contributes indirectly to analgesia at the level of the dorsal horn through descending projections
Nervous system sensitization
	Peripheral sensitization
Cellular damage results in modification of nociceptor threshold and kinetics
Inflammatory mediators may be classified into direct or indirect acting
				Direct acting
					Nociceptive activators
					Nociceptive sensitizers
					Ex Prostaglandin (sens), bradykinin (act and 
sens), neurotrophic factors (NGF)
Analgesic drugs that inhibit: NSAIDs (anti-prostaglandin effect), opioids nonselective binding of central and peripheral opioid receptors
	Central sensitization
Initially depends on acitivty; later sustained by transcriptional changes in the molecular machinery of the cell
Hyperresponsiveness with exaggerated responses withint he injured area=primary hyperalgesia and outside the site of injury=secondary hyperalgesia
Low-threshold AB fibers do not respond to noxious inputs are recruited- allodynia
Changes d/t numerous IC signaling pathways activated in dorsal horn by glutamate, substance P and BDNF
Increased synaptic efficacy d/t alterations in ion channel/receptor activity arising from posttranslational processing and mobilization of receptors to neuronal membranes
			Glutamate-activated NMDA receptor
Phosphorylation stimulates its mobilization from IC stores to synaptic membrane and increases responsiveness to glutamate
Glial cell activation causes release of proinflammatory cytokines (IL-1B, TNFalpha, IL-6, chemokines like macrophage inflame protein-2 and monocyte chemoattractant protein-1)
		Immune cells compromise opioid efficacy
		Analgesic drugs:
			Inhib NMDA rec
Ketamine, amantadine (stabilization of NMDA in the closed state- more favorable clinical safety profile), 
Gabapentin- binds to the alpha2-delta1 subunit of presynaptic voltage-gated calcium channels that are upregulated during central sensitization
NSAIDs- COX-2 mediated increase in PGE2 prduction contributes to late-onset, prolonged, diffuse phase of central sens

1. Describe the pathway of a pain signal through the nervous system.
a. Transduction of noxious stimuli into electrical impulses initially occurs at primary afferent fiber nerve endings, nociceptors.
b. If depolarizing current generated at peripheral nociceptors is of sufficient magnitude, voltage-gated Na channels are activated, further depolarizing and causing action potentials to be generated and conducted along the axons of the primary afferent fibers (A delta and C fibers).
c. Dorsal horn neurons and ascending spinal tracts- Primary afferents may synapse with local interneurons (exc or inh), with propriospinal neurons or with projection neurons that extend beyond the spinal cord to supraspinal structures.  Nociceptive projection neurons= Wide dynamic range (WDR) and nociceptive-specific (NS) neurons- Most extend contralaterally to form the spinothalamic tract (STT).
d. Thalamocortical system- Sensory discriminative aspects of pain produced in lateral thalamocortical system which consists of relay nuclei in the lateral thalamus and the primary and secondary somatosensory cortices
e. Descending antinociceptive pathways- Four tiers: Dorsal horn, periaqueductal gray matter (PAG) of the midbrain, rostroventral medulla and pons of the brain stem and thalamocortical structures
2.  What is the difference between hyperalgesia and allodynia?
Allodynia= pain that is produced by a stimulus that does not normally provoke pain (i.e. by a nonnoxious stimulus)
Hyperalgesia= increased pain response to a noxious stimulus at the site of injury (primary) or in secondary undamaged tissue (secondary)

3.  For each of the following regions of the pain pathway, list a drug class that targets the specific region.
	Drugs acting at peripheral nociceptors: Capsaicin, local anesthetics
	Drugs acting at primary afferent fibers: Local anesthetics, alpha 2 agonists
	Drugs acting at the dorsal horn: Opioids, NSAIDs, alpha 2 agonists, Local 
anesthetics
	Drugs acting at thalamocortical structures: Opioids, alpha 2 agonists
	Drugs acting at descending antinociceptive pathways: Opioids, alpha 2 
agonists
Drugs minimizing development of or showing efficacy during peripheral sensitization: NSAIDs, opioids
	Drugs minimizing development of or showing efficacy during central 
sensitization: Ketamine, amantadine, gabapentin, COX-2-specific NSAIDs

	
Effects of GA on plasma colloid oncotic pressure in dogs
Dismukes et al
JAVMA 2010; 235: 309-311

Objective—To determine the magnitude of the change in colloid oncotic pressure (COP) associated with general anesthesia in dogs undergoing a variety of elective procedures.
Design—Cohort study.
Animals—50 client-owned dogs.
Procedures—For each dog, preanesthetic and postanesthetic PCV, plasma total solids (TS) concentration, and COP were determined. The procedures requiring anesthesia, volume of crystalloid fluids administered IV, duration of anesthesia, age, weight, and sex were recorded.
Results—Postanesthetic PCV (mean ± SD, 41.8 ± 5.4%), TS concentration (6.3 ± 0.8 g/dL), and COP (19.4 ± 3.6 mm Hg) were significantly decreased, compared with preanesthetic values (48.8 ± 5.9%, 7.2 ± 0.7 g/dL, and 24.4 ± 4.2 mm Hg, respectively). None of the vari- ables tested could be used to reliably predict changes in COP.
Conclusions and Clinical Relevance—Results suggested that COP in healthy dogs may decrease by 5 mm Hg on average after general anesthesia and that this decrease may not be reliably predicted by the volume of fluids administered IV during anesthesia or by the concurrent measured decrease in TS concentration. (J Am Vet Med Assoc 2010;236:309–311)
COP=colloid osmotic pressure=net osmotic pressure across the capillary endothelial barrier and is the pressure that serves to retain fluid in the vascular space
	Major determinants: albumin, globulin, fibrinogen
	Plasma proteins also carry a negative charge which enhances efficacy at 
maintaining intravascular volume via Gibbs-Donnan effect

QUESTIONS:
1.  Regarding COP in healthy anesthetized dogs, which of the following is true?
	a) The change in COP can be reliably predicted based on the volume of fluids 
administered peri-anesthetically and the time of anesthesia.
b) On average the COP decreased by 5mmHg with anesthesia.
c) PCV and TP were not found to change significantly during anesthesia.
d) All of the above.

2.  Explain how  a colloid osmometer works.
[bookmark: _GoBack]The colloid osmometer determines the COP of a solution using a semipermeable membrane.  The membrane has a uniform pore size that allows only molecules with a MW less than or equal to 30,000 daltons to pass through, simulating the capillary endothelium in veterinary patients.  This membrane separates two chambers, a reference chamber filled with 0.9% saline and a test chamber where the patient sample is injected.  The membrane is relatively impermeable to the proteins because of their large size.  Water will migrate from the reference chamber into the test chamber as a result of differences in the colloid concentration and COP.  COP as determined by the membrane is affected not only by the colloid concentration but also the Gibbs-Donnan effect, which takes into account the negative charge of the proteins.  Electroneutrality must be maintained.  The negative charge of the proteins causes retention of positively charged ions, which increases the concentration of these normally diffusible ions in the test chamber.  After equilibrium has been established between the two chambers, a negative pressure gradient exists in the reference chamber.  A sensing diaphragm next to the fluid in the reference chamber is attached to a pressure transducer.  Minute pressure changes in the reference chamber are converted into alterations in electrical impedance, which is measured, amplified, then converted into a display on the osmometer that is reported in mmHg.
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