
Complex Acute Surgical 

Pain Management

Thomas Baribeault MSN, CRNA



Introduction

• Anatomy and pathophysiology of acute 

surgical pain

• Pharmacology

• Chronic pain patient

• Opioid tolerant patient



Introduction

• Over 50% of surgical patients report poor 

postoperative pain control

• 1:15 surgical patients develop opioid 

addiction or dependence

• Poorly managed acute surgical pain delays 

healing, increases complication rates, 

prolongs hospital stay, increases cost, and 

risk of chronic post-surgical pain

• Chronic pain is more prevalent than all 

forms of cancer



Anatomy Physiology

• Peripheral Nerves (first order neurons)

– A Beta

• Touch and pressure

• Low threshold

• Interneuron

– A Delta

• First/Fast Pain response

• High threshold



Anatomy Physiology

• Peripheral Nerves (first order neurons)

– C

• Slow/long pain response

• High threshold

• Mechano/thermal/chemo responsive

• 15% silent respond only to inflammation

• Soma
– Dorsal Root Ganglion

– can still cause depolarization even if nerve is blocked in 
periphery



Anatomy Physiology

• Spinal Nerves (second order neurons)

– Peripheral nerves synapse with the spinal 
nerves at the Rexed Lamina of the spinal 
cord

– Each peripheral nerve ascends and descends 
to synapse at the Rexed Lamina of 4-5 
dermatomes



Anatomy Physiology

• Rexed Lamina I

– A Delta and C fibers

– Nociceptive specific cells

• Rexed Lamina V

– A Beta, A Delta, and C fibers

– Wide Dynamic Range neurons

• Others

– II,III,IV,VI



Anatomy Physiology

• Ascending fibers

– Spinothalamic tract

• Spinal nerves cross to contralateral side

• Primary ascending tract

• Thalamus

– Others

• Spinoreticular

• Spinomesencephalic



Anatomy Physiology

• Brain (third order neurons)

– Thalamus

• Periaqueductal Grey

• Rostral Ventromedial Medulla

• Descending spinal fibers

• Pain matrix



Anatomy Physiology



Anatomy Physiology

• Neurotransmitters

– Glutamate

• Primary pain neurotransmitter

• Binds to
– AMPA, NMDA, KA

» Ionic channels

– 8 mGluR

– Substance P

• Binds to NK1 receptor

• Enhances depolarization

– Others

• CGRP, CCK, etc



Anatomy Physiology

• Pain inhibition

– A Beta inhibition

• Activates interneurons

• Release Gaba and Glycine

• Inhibits first and second order neurons

– PAG

• Release endorphins, dynorphins, enkephalins

• Endogenous opioid substances

– RVM

• Activates descending inhibitory nerve fibers

• Release serotonin, norepinephrine



Anatomy Physiology



Hyperalgesia

• Peripheral Sensitization (Primary 

Hyperalgesia)

– Tissue damage causes release of 
inflammatory mediators 

• Sensitizing soup
– Bradykinin, Substance P, Histamine, Leukotrienes, etc



Hyperalgesia

• Peripheral Sensitization (Primary 

Hyperalgesia)

– C Fibers

• Activation of silent fibers

• High threshold become low threshold

• Produce stronger stimulus with same stimulation

• Continue firing after stimulation has stopped

• Lose mechano/thermos/chemo specificity

• Nerve memory
– Repeat exposure within 21 days leads to more severe 

changes

– Can lead to permanent changes in nerve function



Hyperalgesia



Hyperalgesia



Hyperalgesia

• Inflammatory Induced Central Sensitization

– Prostaglandin E2 in CSF

• Mechanism not understood

• Interaction of COX 2 and NMDA receptor



Hyperalgesia

• Central Sensitization (Secondary 

hyperalgesia)

– Wind Up

• Peripherally sensitized C fibers release excess 
glutamate into synaptic cleft

• Mg plug blocking Ca channel is lost

• Body creates more AMPA receptors

• Starts in minutes



Hyperalgesia



Hyperalgesia



Hyperalgesia

• Allodynia

– Death of the interneuron

– A Beta fibers lose inhibitory effect

– Touch and pressure becomes painful



Hyperalgesia



Pharmacology

• Peripheral Sensitization

– Steroids

– NSAIDS

– Local Anesthetics

– Cannabinoids



Pharmacology

• Steroids

– Dexamethasone

• Dose

– 4-10 mg

• Mechanism

– Inhibits prostaglandins, leukotrienes 

and histamine

• Considerations

– Increases glucose diabetics/non same %

–Does not inhibit healing



Pharmacology

• NSAIDS

– Cox 1 vs Cox 2 inhibition

• Cox 1
– Gastric ulcer

– Platelet dysfunction

– Renal dysfunction

• Cox 2
– Renal dysfunction

– Reduces pain, fever, and inflammation

– Contraindications

• renal failure, gi bleed, thrombotic event, CABG, 
age >60, thrombocytopenia



Pharmacology

• NSAIDS

– Non-selective cox inhibitors

• Ibuprofen PO, IV, TD

• Naproxen PO

• Diclofenac PO, IV, TD

• Toradol PO, IV

– Cox 2 inhibitor

• Celecoxib PO

• Parecoxib IV (Non-US)



Pharmacology

• NSAIDS

– Surgical considerations

• No difference in analgesia, different toxicity 
profiles

• Renal function, age, hydration

• Platelet dysfunction/bleeding concerns

• Cox 2 inhibitor given pre-op, inflammatory 
benefit



Pharmacology

• Acetaminophen

– Dose

• 1G

• 15 mg/kg

– Mechanism

• Unknown

• No anti-inflammatory effect

– Considerations

• Liver dysfunction

• PO vs IV/Cost vs Efficacy 

• Statistically significant reduction in pain



Pharmacology

• Lidocaine

– Dose

• 1.5 mg/kg

• 2-3 mg/kg/hr

– Mechanism

• Systemic analgesia 2, 8, 48 hours

• Blocks prostaglandin release

– Considerations

• Safety
– 2-3 mcg/ml plasma concentration



Pharmacology

• Cannabinoids

– THC vs CBD

– 2x anti-inflammatory effect dexamethasone

– Analgesic effect at the C1 and C2 receptors



Pharmacology

• Central Sensitization

– Glutamate

• Ketamine, N2O, Mg, Gabapentin/Pregabalin

– Substance P

• Dexmedetomidine, Clonidine, Tizanidine

– Serotonin/Norepinephrine

• Duloxetine, Tramadol, Tapentadol



Pharmacology

• Ketamine

– Dose

• 0.1-0.3 mg/kg

• 0.3-0.5 mg/kg

• 2-10 mcg/kg/min

• 1:1 morphine PCA

– Mechanism

• Blocks NMDA glutamate receptor



Pharmacology

• Ketamine

– Considerations

• Caution cardiovascular disease, increased ICP, and 
catecholamine depression

• Hallucinations/disassociation

• Reverse and prevent OIH/OT

• Bronchodilator 

• Treatment for depression, suicidal ideation, and 
PTSD



Pharmacology

• N2O

– Dose

• 50% ET = 15 mg morphine

– Mechanism

• Blocks NMDA receptor

– Considerations

• Caution in pulmonary hypertension, B12 anemia, 
and respiratory disease

• Can reverse hyperalgesia



Pharmacology

• Magnesium

– Dose

• 30-50 mg/kg

• 10 mg/kg/hr infusion

– Mechanism

• Prevents loss of Mg plug from NMDA receptor

– Considerations

• Analgesia not dose dependent

• Caution in renal failure

• Prolongs NMB 

• Prevent post-operative shivering



Pharmacology

• Gabapentin/Pregabalin

– Dose

• Gabapentin 300-600 mg

• Pregabalin 75-150 mg

– Mechanism

• Blocks pre-synaptic release of glutamate and 
substance P



Pharmacology

• Gabapentin/Pregabalin

– Considerations

• Post-operative sedation

• Pregabalin fast absorption, more consistent 
plasma levels

• Pregabalin rare side effects
– Angioedema, thrombocytopenia, rhabdomyolysis, 

increased pr interval



Pharmacology

• Dexmedetomidine 

– Dose 

• 0.5-1 mcg/kg over 10 minutes

• 0.2-1 mcg/kg/hr

– Mechanism

• Sedation
– Blocks norepinephrine in the locus coeruleus

• Pain
– Blocks substance P from binding to the NK1 receptor



Pharmacology

• Dexmedetomidine 

– Considerations

• Caution tachy/bradycardia, hyper/hypotension

• Post-operative sedation

• Reduction in emergence delirium 

• Prevents post-operative shivering



Pharmacology

• Clonidine 

– Dose

• 2-3 mcg/kg IV

• 3-5 mcg/kg PO

– Mechanism

• Same as dexmedetomidine

– Considerations

• 12 hour half life

• Less specific for pain/sedation receptors than 
dexmedetomidine



Pharmacology

• Tizanidine

– Dose

• 2-4 mg PO

– Considerations

• Muscle relaxant with A2 agonist activity



Pharmacology

• Tramadol/Tapentadol

• Duloxetine

– 30-60 mg

– SSRI/SSNI

• Cyclobenzaprine

– Muscle relaxant structurally similar to TCI



Chronic pain

• Chronic Post-surgical Pain

– Pain long after healing process is complete

– Poorly controlled pain is the best predictor

– Most common procedures

• Thoracotomy, sternotomy, breast surgery, 
amputation

– Mechanism not known

• Inflammatory changes to peripheral nerves

• Central sensitization of spinal nerves

• Chronic changes to Thalamus



Chronic pain

• Chronic Post-surgical Pain

– Risk factors

• Age
– Young > old

• Type and length of surgery
– > 3 hours

• Pre-operative opioid use

• Genetic factors



Chronic pain

• Chronic Post-surgical Pain

– Prediction

• Not successful

– Prevention

• Mixed results in studies

• Combination treatment best results
– Regional/Neuraxial

– Anti-inflammatories

– Central antagonism

– Non-opioid analgesics



Chronic pain

• Fibromyalgia

– Multiple conditions

• Similar symptoms

• Similar pathophysiology

• Widespread pain index >7, symptom severity

score >5, >3 months

– Fibromyalgia-ness score

• Screening surgical patient predicts
– Amount of post-operative pain

– Opioid requirements



Chronic pain

• Fibromyalgia

– Symptoms

• Diffuse central hyperalgesia (Spine/Thalamus)
– Volume Knob concept

– Tender points

– With or without inflammatory process

– Allodynia

– Sensitivity to heat or cold

– Sensitivity to auditory/visual stimuli

• Sleep disruption
– Fatigue

– Memory or attention problems



Chronic pain

• Fibromyalgia

– Symptoms

• Poor exercise tolerance

• Depression
– Pain

– Lack of answers or effective treatment

– Treatment by healthcare workers



Chronic pain

• Fibromyalgia

– Treatment

• Anti-depressants
– TCA

» Amitriptyline

» Cyclobenzaprine

– SSRI/SSNI

» Duloxetine

» Milnacipran

• Gabapentinoid
– Gabapentin

– Pregabalin



Chronic pain

• Fibromyalgia

– Treatment

• Tizanidine

• Acetaminophen/Nsaids
– Mild success

• Tramadol/Tapentadol
– Serotonin/norepinephrine

• Aerobic exercise

• Cognitive behavioral therapy



Chronic pain

• Fibromyalgia

– Does not work

• Opioids
– Overactive release of bodies endogenous opioids



Chronic pain

• Fibromyalgia

– Surgery

• Pre-operative
– Honest conversation about expectations and pain

– Mistrust because of mistreatment by healthcare 
professionals

– Misdiagnosed

– Medical/nonmedical therapy not optimized

– May have been given erroneous information about 
condition



Chronic pain

• Fibromyalgia

– Surgery

• Pain management
– Opioids not effective for treatment of pain

» If on opioid do not stop rebound phenomenon

– Regional or neuraxial technique

– Maximize central acting drugs

» Glutamate

• Ketamine, N2O, Mg, Gabapentin/Pregabalin

» Substance P

• Clonidine, Dexmedetomidine, Tizanidine

» Serotonin/Norepinephrine

• Duloxetine, Tramadol



Chronic pain

• Fibromyalgia

– Surgery

• Pain management
– Acetaminophen

– Nsaids



Opioid tolerant

• Chronic opioid therapy

• Illicit opioid

• Opioid addiction therapy

– Methadone

– Buprenorphine

• Suboxone

• Subutex

– Naltrexone (Vivitrol)



Opioid Tolerant

• Opioids

– Benefit

• No ceiling effect, limited by side effects

– Disadvantage

• Sisyphus effect = hyperalgesia + tolerance

• Rates of long term use increase after 3 days

• 100% of long term opioid users develop 
dependence

• Addiction risk increases with use



Opioid Tolerant

• Diphenylpropulamines

– Methadone

• “Broad spectrum” Opioid
– Mu, Delta, Kappa, NMDA

– blocks opioid tolerance and hyperalgesia

• 6-8 hour alpha phase elimination
– 400% inter-patient variability

– Respiratory depression often outlasts analgesia

– DANGER

• Prolongs QT



Opioid Tolerant

• Partial Agonist

– Buprenorphine

• High affinity/partial agonist Mu receptors
– Less sedation, nausea, pruritus, respiratory depression 

and urinary retention

• Slow disassociation from Mu receptors

• Antagonist Kappa

– Suboxone

• Buprenorphine + Naloxone

– Subutex

• Buprenorphine



Opioid Tolerant

• Naltrexone (Vivitrol)

– Opioid Antagonist

• Can’t be started until after withdrawal complete

– Monthly injection

– Least abuse potential and side effects



Opioid Tolerant

• Surgery

– Methadone

• Continue

– Buprenorphine and Naltrexone

• Minor Surgery
– Continue treatment

– Multi-modal therapy

• Major surgery
– Wean off vs. continue

» How painful is surgery

» Ability to treat that pain with non-opioids

» 3 days buprenorphine

» 28 days naltrexone



Opioid Tolerant

• Surgery

– Pre-operative

• Honest conversation about expectations and pain
– Mistrust because of mistreatment and judgment by 

healthcare professionals

– May not have been given appropriate instructions 
regarding therapy

» Weaned and now at high risk for relapse

» Not weaned and high risk for uncontrolled pain

– May have been given erroneous information



Opioid Tolerant

• Surgery

– Regional or neuraxial technique

– Maximize central acting drugs

• Glutamate
– Ketamine, N2O, Mg, Gabapentin/Pregabalin

• Substance P
– Clonidine, Dexmedetomidine, Tizanidine

• Serotonin/Norepinephrine
– Duloxetine, Tramadol

• Nsaids

• Acetaminophen
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