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DISCLOSURES 

• None L  



OBJECTIVES 

• Review physiology of pain transmission 

• Review pharmacology of multimodal analgesics 

• Discuss literature about multimodal analgesics 



WHY MULTIMODAL? 
 

Manworren RC. Multimodal pain management and the future of a personalized medicine approach to pain. AORN J. 2015 Mar;101(3):308-14. 
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• Vanilloid 1 receptor (VR1) 
•  Noxious heat, capsaicin, H+ ions 

•  (–) by endorphins, ACh, and 
endocannabinoids  

•  K+ outflow opposes depolarization 

•  Inhibits adenylate cyclase (↓	cAMP	
forma+on), thus inactivating PKA 
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•  Substance P 

•  Glutamate and mGluR 

• Post-synaptic (+) 
•  NK-1, AMPA, glutamate, and 

NMDA receptors 

• Peri-synaptic (+) 
•  Substance P, cytokines 

•  nAChR 
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PAIN TRANSMISSION 

• Pre-synaptic (–)  
•  CB1 receptor 

•  KV channel, opioid, glycine 

• Post-synaptic (–) 
•  GABA, adenosine, opioid, 5-HT 

• Peri-synaptic (–) 
•  CB2 receptor 

•  5-HT, NE, GABA, glycine 



ACETAMINOPHEN 

• Antipyretic 
•  Inhibits endogenous pyrogens, thus 

directly affecting hypothalamus 

• Analgesic - mechanism unknown 
•  COX-1 and COX-2 inhibition in CNS 

(non-competitive and reversible) 

•  Serotonergic pathways 

•  Endogenous cannabinoid potentiation 

•  COX-3 inhibition (brain, SC, heart) 

• No anti-inflammatory effects 

• Hepatic metabolism 
•  90% CYP450 à inactive metabolites 

•  <10% oxidation à NAPQI 

•  Further conjugated by glutathione  

• Analgesic dose = 15 mg/kg (max 
1,000 mg) q6h scheduled 

• Available IV, PO, PR 





• Why was this conclusion not a surprise? 
•  70-90% oral bioavailability 

•  AUC same PO vs. IV (despite higher C0) 

•  Peak serum concentration occurs in < 2 hours 
after PO administration 
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NSAIDS & COX-2 INHIBITORS 

• Prostaglandins have important functions 
•  Mediation of inflammatory response 

•  Transduction of pain signals 

•  Central pyretic effect 

• 90% eliminated by CYP450 system 

• Weak base (pKa < 5) 

• Highly protein bound (albumin) 



NSAIDS & COX-2 INHIBITORS 

Non-selective 

•  Ketorolac 15 mg IV q6h 
•  Max dose 120 mg/day 

•  Naproxen 375 mg PO q12h 
•  Max dose 1,000 mg/day 

•  Ibuprofen 600 mg PO q6h 
•  Max dose 3,200 mg/day 

Selective COX-2  

•  Celecoxib 200 mg PO q12h 

•  Meloxicam 15 mg PO daily 



NSAIDS & COX-2 INHIBITORS 

CONSIDERATIONS 

• HTN / CV risk 



NSAIDS & COX-2 INHIBITORS 

CONSIDERATIONS 

• HTN / CV risk 

• Asthma 



NSAIDS & COX-2 INHIBITORS 

CONSIDERATIONS 

• HTN / CV risk 

• Asthma 

• Bone healing 



NSAIDS & COX-2 INHIBITORS 

CONSIDERATIONS 

• HTN / CV risk 

• Asthma 

• Bone healing 

• Bleeding 



NSAIDS & COX-2 INHIBITORS 

CONSIDERATIONS 

• HTN / CV risk 

• Asthma 

• Bone healing 

• Bleeding 

• GI healing 



NSAIDS & COX-2 INHIBITORS 

CONSIDERATIONS 

• HTN / CV risk 

• Asthma 

• Bone healing 

• Bleeding 

• GI healing 

• CKD / AKI 



NSAIDS & COX-2 INHIBITORS 





Kurd MF, et al. The Role of Multimodal Analgesia in Spine Surgery. J Am Acad Orthop Surg 2017;25: 260-268. 



  





NSAIDS & COX-2 INHIBITORS 

•  Long bone fracture & nonunion risk at 
60 days post-fracture (multiple Rxs) 

•  Nonselective NSAIDs = no difference 

•  COX-2 inhibitors = ↑	risk 

•  NSAID or COX-2 inhibitor use within 30 
days of fracture is associated with 
increased risk of nonunion 





GLUCOCORTICOIDS 
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GLUCOCORTICOIDS 

• Anti-inflammatory & analgesic MOA 
•  Activation of anti-inflammatory proteins 

in the cytoplasm 

•  Induction of anti-inflammatory protein 
production 

•  Repression of pro-inflammatory protein 
production and inhibiting downstream 
signaling by inflammatory cytokines 

• Net effect: ↓	PLA2,	etc. 



Anesthesiology 2011; 115:575–88. 





International Journal of Surgery 52 (2018) 149–155. 



Medicine (2018) 97:13(e0100)  



PAIN 156 (2015) 2538–2544. 





GABAPENTINOIDS 

• MOA = binds to α2δ-1 subunit of presynaptic VGCC in CNS 

•  FDA indications = seizures, neuropathic pain 

• Other uses = fibromyalgia, postherpetic neuralgia 

• Common SE = dizziness, somnolence, fatigue, ataxia 

•  Its use in postoperative acute pain is controversial after 2020 review article 





Primary outcome  

 

Secondary outcome 
(an important one!) 



The Journal of Arthroplasty xxx (2020) 1-9. 



GABAPENTINOIDS 

Gabapentin CHARACTERISTICS Pregabalin 
Logarithmic (saturable) Absorption Linear 

Small Intestine only Location SI to Ascending Colon 

30-80% Bioavailability 90% 

Three hours Tmax One hour 

75% urine, 25% feces Excretion 98% urine 

Narrow Therapeutic Index Wide 

3600 mg Max Daily Dose 900 mg 

TI = ––––––– TD50 
ED50 



GABAPENTINOIDS 

• How have these 2020 review 
articles changed my practice? 

•  No more gabapentin, unless home med 

•  More selective with pregabalin use 

• Reasons why I would use pregabalin: 
•  Home med 

•  Chronic opioid use 

•  Chronic EtOH use 

•  Total joint arthroplasty, esp. primary 

•  Patient wants to minimize opioids 



ANTIDEPRESSANTS 

TRICYCLIC ANTIDEPRESSANTS 

• Reuptake inhibitor of 5-HT, DA, NE 

• Antagonist at cholinergic, NMDA, & 
histaminergic (H1) receptors 

• Off label uses: 
•  Diabetic neuropathy 

•  Post-herpetic neuralgia 

•  Central pain syndromes 

•  Myofascial pain 

SEROTONIN-NE REUPTAKE INHIBITOR 

• Reuptake inhibitor of 5-HT and NE 

• ↑ DA levels in prefrontal cortex via 
inhibition of NE transporters 

• Blocks voltage-gated Na channel 

•  FDA-approved indications 
•  Diabetic neuropathy 

•  Post-herpetic neuralgia 

•  Chronic musculoskeletal pain 

Does improved mood help 
improve perception of pain? 



ANTIDEPRESSANTS 

TRICYCLIC ANTIDEPRESSANTS 

• Amitriptyline:  NE > 5-HT > DA 
•  High affinity for α, H1, M1 receptors 

• Nortriptyline:  NE > 5-HT > DA 
•  Metabolite of amitriptyline with little 

affinity for α, H1, M1 receptors 

SEROTONIN-NE REUPTAKE INHIBITOR 

• Venlafaxine:  5-HT > NE >>> DA 
•  PK leads to delayed and unreliable 

onset of analgesia 

• Duloxetine:  5-HT = NE 





ANTIDEPRESSANTS 



Atkinson T, Flynn KW, and Baker J. Pharm Pharmacol Int J. 2018;6(2):132‒136. 













MUSCLE RELAXANTS 

• Cyclobenzaprine 
•  TCA-like chemical structure 

•  CNS depressant à SC 

•  Approved for acute pain from spasms 

• Methocarbamol 
•  Anticholinergic inhibition of the RAS 

leads to ↓ reflexes and ↓ muscle tone 

•  Approved for muscle spasm 

•  Tizanidine 
•  Alpha-2 agonist à ↓ release of NT in 

presynaptic neurons of SC and brain 

•  Approved for muscle spasm & spasticity 

•  Implied class effect; neuropathic pain 

• Baclofen 
•  GABA analogue à ↓ release of NT in 

presynaptic neurons of SC and brain 

•  Approved for muscle spasticity 



MUSCLE RELAXANTS 

• Diazepam 
•  Benzodiazepine à synergy with opioids for respiratory depression 

•  Allosteric binding to GABA receptors 

•  SC = muscle relaxation 

•  Brain = anxiolysis, sedation 

•  Approved for anxiety, seizures, muscle spasm & spasticity 

•  Other uses include sedation and EtOH withdrawal 





NMDA RECEPTOR ANTAGONISTS 

MAGNESIUM 
•  Competitive Ca++ channel blocker 

•  Inhibits catecholamine release 

•  Potentiates ND-NMBDs 

MEMANTINE 
•  Uncompetitive, low-affinity, open- 

channel blockade of Glutamate-
specific NMDA receptors 

•  Antagonist to 5-HT3 & nACh receptors 

DEXTROMETHORPHAN 
•  No direct effect at opioid receptor 

•  Antagonist to nACh receptors 

•  Inhibitor of VGCC and transporters of 
both 5-HT and NE 



• MMA + Mg = no benefit 

• PNB + Mg = no benefit 

•  TEA + Mg = no benefit 

• Placebo vs. Mg = Mg better 
•  Intraop or PACU MME 

•  NRS pain scores 

•  # of patients requesting opioid 







LIDOCAINE 

•  Analgesia unrelated to VGSC effects 

•  Systemic lidocaine effects include: 
•  Modulation of neuropathways 

•  Ca++ channels, NMDA receptor 

•  K+ channels, glycine system, GPCR 

•  Decreases levels of cytokines 
•  IL-1δ, TNF-α, COX-2, PGE2 

•  Inhibits migration & adhesion of PMNs 
•  ICAM-1, PAF, LPA 

•  After discontinuation of infusion, the 
clinical benefit exceeds t½ by > 5-12x 

Pharmacotherapy 2018;38(12):1250–1259. 

Lidocaine Pharmacokinetics 

Analgesic 
dose 

LD = up to 1.5 mg/kg 
MD = 0.5 to 3 mg/kg/hr 

Onset 45 to 90 seconds 

Half-life 90 to 120 minutes 

Metabolism Hepatic CYP450 

Active 
metabolites 

MEGX = cardiotoxic 
GX = competitive antagonist to 
lidocaine; renal clearance 

Therapeutic 
concentration 

1.5 to 5 mcg/mL at steady state 

Adverse 
reactions 

Dizziness, tinnitus, hypotension, 
QRS prolongation, dysrhythmias 



2018;38(12):1250–1259. 







THE END. 
QUESTIONS? 


