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Overview and Objectives

e Overview the basics of the pain pathway
* Review ideal pain management strategies
* Discuss analgesic in-patient options

* Discuss analgesic out-patient options

— Gain familiarity with a variety of adjunctive analgesic options
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What is happening?
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Pain and Nociception

* Nociception — process by which a noxious stimulus is encoded

1. Transduction
2. Transmission
3. Modulation
4. Perception

—> Pain is the experience
resulting from nociception
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Transduction

* Noxious stimulus activates transducers on nociceptors

* Only 3 types of noxious stimuli can activate transducers:
* Mechanical

* Chemical
 Thermal (heat or cold)

* High threshold to activate

Mechanical
X ILLINOIS ani
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Thermal (cold or heat)



Transmission

PERCEPTION

* Action potential travels along
the primary afferent neuron
(in a sensory nerve) toward the
spinal cord

Cortex

Thalamocortical projections

Thalamus

A

!

Spinothalamic tract

MODULATION

TRANSDUCTION

Noxious stimulus

Primary afferent nociceptor
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Modulation

* Primary afferent neuron synapses
with second order neuron in the
spinal cord

* The signal is relayed and modified

* Excitatory neurotransmitters dumped
into synaptic cleft

* Descending signals from the brain
alter signal
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Perception

* Nociceptive signal arrives at the brain s
* Sensation perceived Y & i /d
I \1{ . |
* Emotional response Iu(
* Behavioral/motivational response 11 " f /
» Cognitive effects L
* Autonomic response ==

Noiiceptor L~‘ . sh
| ‘
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Approach to pain management

Perception (cerebral cortex)
- Anesthetics

- Opioids

- a2 Antagonists

- Benzodiazepines

- Phenothiazines

- NSAIDs

Perception:
third-order neuron

Modulation:
dorsal horn of spinal cord

Modulation (spinal cord)
- Local anesthetic

- Tricyclic antidepressants
- Cholinesterase inhibitors
- NMDA antagonists

- Opioids

- NSAIDs

- a2 Antagonists

- Anticonvulsants

Transmission (sensory nerves)
- Local anesthetics

- 2 Antagonists
Transmission:
first-order neuron

Transduction (sensory nerve endings, nociceptors)
(primary afferent)

T - - Local anesthetics
ransduction - Opioid
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Disadvantages of a single drug approach

* Pain pathway is too complex for one d
* Insufficient analgesia

 Multimodal approach always recommended

/1—74 J‘@r‘l'- —(N

e Better analgesia
* Fewer side effects
* Less chronic pain

* Opioid tolerance can develop rapidly
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In-Hospital Analgesia

* Opioids

* NSAIDs

* Local anesthetics
* |V Lidocaine

* Maropitant

* Ketamine

* Dexmedetomidine / 7 , T .
& > > iy i o 23
/::/ . S  dB : D
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Perioperative Trifecta

Opioids

NSAIDS Local anesthesia

X ILLINOIS

College of Veterinary Medicine



Opioids

* Analgesia

* Best analgesia = Full mu agonists
« Methadone! Mu agonist, NMDA antagonist, SHT+NE reuptake inhibitor

 Medium analgesia = Partial mu agonist (buprenorphine)

 ‘Standard’ durations of action ‘
* Variable depending on individual, dose and level of pain T T——
e Regular pain assessments, re-dose as needed ﬁ
* First 24-48 hours post-op most painful A_‘S | S s

3% 20mL Multiple Dose Vial
L5 Mid.by: g WEST-WARD,

" Salontown, NJ 07724 USA 4627
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NSAIDs

* Analgesic and anti-inflammatory — act at many levels

g

8
nsior

injection

e Very effective for post-operative pain

COX-2 selective often favored E

“0us use jn Cats Only
enoidal

* Generally given after anesthesia |
« COX-2 important during hypotension by s
or hypovolemia = R
e Possible contraindications: Opioids
e Renal, G, liver disease
* Preghancy
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Local Anesthetics

 Sodium channel blockers

Sodium ion unable to
Fast voltage-gated Na* channel - ._ pass through channel

Ve Ve Vo O ~

AR e |

Sodium ion passing blocking channel
through channel
I ILLINOIS —> Best analgesia possible!!
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Local Anesthetics

 |nfiltration
* Peri-incisional Nocita or bupivacaine 5§
* |ntra-testicular

* Peripheral nerve blocks
* So many blocks!
* Dental blocks
* Forelimb blocks (RUMM block, brachial plexus block, ring block)
* Pelvic limb locks (femoral/sciatic nerve block)

* Epidural injections
* Local anesthetic + opioid
e Bupivacaine + Morphine 0.1 mg/kg (total mixed volume 0.2 mL/kg)
X ILLINOIS
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Local Anesthetics

* Lidocaine * Nocita
e Onset: 5-10 min * Liposomal bupivacaine

e Duration: 1-2 hr ... i * Onset: ¥“30 min
e Duration: 72 hr

b Lidocaine 2%

* Max dose: 4 mg/kg 2

* Bupivacaine
* Onset: 10-15 min
e Duration: 4-6 hr

ﬂc ~| nacita
el ™

QR poseme necdie sy

13.3 mgImL ——

° M X d . 2 m k 30 ml Single-use Teartop Vial wm 1 N R
d ose: g g Preservative-Free Locol Anesthetic For locol inSivcton inex § 133 mg/mL
0.5% Bupivacaine Fox loco infikuton Fecton - _ Ot fodi (S o= QO e
* Never |V Hydrochloride Injection, US| Coution:Fedcl (51w metc Soge | by crmbeORRCLe Ry
150 mg/30 mL (5 mg/n {8 s G 10 s by ¢ 00 e O
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Local Anesthetics — Adjuncts

: ) g 2
* Epinephrine
e Extends analgesia duration with lidocaine (less with bupivacaine) 0

e Vasoconstrictor and alpha-2 agonist effects
* Dose: 5 ug/mL epinephrine in solution

e 0.5 mL epinephrine (1 mg/mL) into 100 mL bottle of lidocaine

e CV effects at higher concentrations
* Duration of action:

 Lidocaine alone = 1-2 hours

* Lidocaine + epinephrine = 2-6 hours =y
®° NOT: Areas without collateral blood supply, epidurals(?) ¥ _

[
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Local Anesthetics — Adjuncts

* Dexmedetomidine
* Shortens onset time, extends duration and intensifies block!

* Dose: 1 ug/mL dexmedetomidine in solution
* 0.1 mL dexmedetomidine (50 ug) into 50 mL bottle of bupivacaine

* Duration of action: £ )
 Bupivacaine alone = 4-6 hours —

)

\

30 ml Single-use Teartop Vial
Preservative-Free

0.5% Bupivacaine
Hydrochloride Injection, US!
150 mg/30 mL (5 mg/n

For NERVE BLOCK, CAVOAL ad |
EMDURAL ANESTHESIA |
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IV Lidocaine

* Benefits * Dosing:
* Analgesia * Bolus: 1-2 mg/kg
* Acute

e Chronic
* Reduces inhalant requirements
* Antiarrhythmic
e Anti-inflammatory
* Helps restore normal gut motility
* Decreases reperfusion injury

 Antitussive
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* Loading dose: 1-2 mg/kg IV
* Infusion: 50-100 ug/kg/min

* Stop 15-20 minutes
before recovery
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IV Lidocaine
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Ketamine

Basal

* NMDA antagonist ®

NMDA receptor

* Excellent analgesic adjunct

.......................

* Acute pain s

° Chronlc paln (neuropathlc paln) Dorsal horn

neuron

* Infusion:
* Loading dose: 0.5 mg/kg

* Infusion: 5 ug/kg/min (awake), 10-40 ug/kg/min (GA)

* SQ injection:
e 0.5-1 mg/kg SQ. g 1-3 weeks for chronic pain
I ILLINOIS
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Dexmedetomidine

* Alpha-2 agonist
* Analgesia, anxiolysis, sedation....and unwanted physiologic effects

e Cardiovascular effects — Less severe with low analgesic doses
* Increased urine production

* Dose:
* Loading dose: 0.5 ug/kg IV
* Infusion: 0.5-1 ug/kg/hr (awake or GA)
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Excellent Resource

* VASG.org
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April 22, 2025

Our Vision

Periop Analgesia & Chronic

Pain Management

Anesthesia - From Preop
Through Recovery

Information by Specific
Category or Disease

Information by Specific
Drug Names

CRI Calculators, Dose
Charts, Forms, & Texts -
Resources & Downloads

Equipment Information,
Exchange, & Sale

Translations

VASG Global Outreach
(VASGGO)

Videos - Preanesthetics,
Procedural Sedation, &
Local Blocks

TIMELY TOPICS
Preop Cerenia
NEW!

This site is maintained by veterinary professionals who have made a commitment to Ceremna
anesthetic and pain management excellence. We want this site to be a centralized resource =
for our colleagues engaged in small animal private practice.

Our focus is on practical guidance; on clinical relevance; on the evidence informed
perspective. Our goal is improved patient comfort and safety.

The VASG is about colleagues helping colleagues. We want to help anyone that has an interest
in advancing veterinary anesthesia and pain management at the primary care level anywhere
in the world.

WHAT'S NEEDED?

Your support!
We welcome suggestions at all times.

Dr. Bob Stein, VASG Founder & Executive Director

Maybe You Missed

Parks Dopplers for
dummies



Case

 Stella—10yr FS DSH

» Stomatitis =2 Full mouth extractions
* Mildly increased SDMA

* BUN + creatinine sneaking up

* Anxious but sweet girl

* Anesthesia:
* Premedication: Methadone 0.3 mg/kg + Alfaxalone 2 mg/kg
* Induction: Propofol + Ketamine 2 mg/kg IV
* Maintenance: Isoflurane, maropitant slowly IV

 Dental blocks....what to use?
T ILLINOIS
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Case

 Stella—10yr FS DSH

» Stomatitis =2 Full mouth extractions
* Mildly increased SDMA

* BUN + creatinine sneaking up

* Anxious but sweet girl

* Anesthesia:
* Premedication: Methadone 0.3 mg/kg + Alfaxalone 2 mg/kg
* Induction: Propofol + Ketamine 2 mg/kg IV
* Maintenance: Isoflurane, maropitant slowly IV

* Dental blocks.... a) Bupivacaine (4-6 hr)
b) Bupivacaine + dexmedetomidine (10-24 hr)
c) Nocita (72 hr)
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Case

 Stella—10yr FS DSH

e Perform bupivacaine + dexmedetomidine blocks '_

* Owner elects medical boarding
* Post-op analgesic plan in hospital?

\dOpioids

X ILLINOIS
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Case

 Stella—10yr FS DSH

e Perform bupivacaine + dexmedetomidine blocks
* Owner elects medical boarding
* Post-op analgesic plan in hospital?

Hydromorphone 0.05 mg/kg as needed (g 4-6 hr)
Maropitant 1 mg/kg IV
Ketamine infusion 5 ug/kg/min

...start oral analgesic medications to go home...
X ILLINOIS
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Out-Patient Analgesia

— Chronic pain
* Hard to treat
e Complex mechanisms

* Need multiple drugs

X ILLINOIS
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Out-Patient Analgesia

* NSAIDs — Long term

e Gabapentin

* Pregabalin

* Amantadine

* Methocarbamol

 CBD

* Librela

* Non-pharmaceutical options

S X
BB
Tk
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NSAIDs

* Excellent for outpatients post-operatively

* Long term use in chronic inflammatory conditions

* Options m
e Standard NSAIDs Jm""mu

* Grapiprant —
e Acetaminophen
Galhprant

(rapiprant tablety

OImg

use in dogs only
sstaglandin Receptor Antagonist NSAD
jeral (USA) law restricts this g ©
the order of a licensed veterinanon

4 30 Flavored Tablets
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Caution: Federal law restricts this drug
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veterinanian

y drug for

Net Contents: 100 mlL
NADA 141-213, Approved by FDA

Sn by or o the coder of 2 et
Werdoadan

Nt Comtents: 100 mi

|'0lm-2u, Aoproved ty 4| |

- ’

sior
((l:;lgnacoxib) 20 mg/ml

injection
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Long-Term NSAID Use

* Possible treatment for cats and dogs
e Screen for contraindications and adverse effects

e Which is best?

* Dogs * Cats
* No studies to identify * Robenacoxib
safest/most effective e Meloxicam

e Large individual variation
* Trial different drugs

I ILLINOIS
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Long-Term Use in Cats....Really???

* Yes!
* DID is common in older cats, often pain relief is inadequate
* Fear of NSAID side-effects, nothing labeled in US

* Meloxicam FDA black box warning in cats

* 0.3 mg/kg for 9 days
* Gl ulcers

I ILLINOIS
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Long-Term Use in Cats....Really???

* Meloxicam (Metacam)
e Oral suspension licensed for cats in other countries (not US)

e Canine formulation extra-label in US

e Dose: 0.01-0.03 mg/kg dally, even with kidney disease (0.05 mg/kg
licensed in Europe) |

Metacam -

I ILLINOIS
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Long-Term Use in Cats....Really???

e Robenacoxib (Onsior)

* Less long-term data

e 4-12 weeks
* Multiple studies and countries (3 studies from the US)
* No difference in adverse effects vs placebo

* Creatinine slightly higher elevation in robenacoxib group, not worse with
CKD

* Dose: 1 mg/kg daily

X ILLINOIS
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Acetaminophen

* NSAID

* Mechanism not fully known
e COX-3; weak anti-inflammatory

NDC 0363-0484-78

e Serotonin or cannabinoid pathways o BuLTs
 Does it work? Pain
e Limited data Reliever
ACETAMINOPHEN / il
PAIN RELIEVER / FEVER REDUCER Pain

* Mixed evidence
e Dose: 10-15 mg/kg PO g8hr
* Never give to cats

Reliever

ACETAMINOPHEN

Extra Strength 3
PAINRELIEVER / FEVER REDUCER

Extra Strength

@ CAPLETS

500 mg EACH
DO NOT USE WITH OTHER MEDICINES
CAPLETS , [commmc ACETAMINOPHEN
500 mg EACH ACTUAL SIZE

I ILLINOIS
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Gabapentin + Pregabalin

Gabapentin/pregabalin

e Gabapentinoids R ‘
* Mechanism: Calcium\
. . Nociceptive
* Binds to voltage-gated calcium neuron
channels in which are upregulated in  voltage gate
. . Ici & i
chronic pain states channel i L
+ + neuron
+ + =

* Effective for: ¢ &

* Chronic pain o
* Neuropathic pain i
I ILLINOIS |
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Gabapentin + Pregabalin

Gabapentin/pregabalin

* Pregabalin: P ‘

* Similar to gabapentin

. Calcium
* Longer lasting oot
. ™~ e
* More expensive PIQ type
voltage gate
. calcium ibi
* Dosing: channel . "noradranerc
. . + E n n
* Gabapentin: 5-20 (or higher) mg/kg g8hr + 5

* Pregabalin 1-4 mg/kg gq12hr .

Postsynaptic
neuron
X ILLINOIS :
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Amantadine

Basal Pain Hypersensitivity

* NMDA antagonist ® @ ® @ [
g

NMDA receptor NMDA receptor

* “Oral ketamine”

» Effective for:
* Chronic pain Bch By
* Neuropathic pain

Repetitive
stimulation A AR _

+Htbtbttt bttt

* Used in combination with gabapentin
* Dose: 3-5 mg/kg q 12-24 hr -

22222
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Methocarbamol

* Centrally acting muscle relaxant

* Not an analgesic drug [ =
» Relieve pain from muscle tension/fasciculation
e Dose: 25-50 mg/kg 98-12hr

* Alternative: Diazepam 0.5 mg/kg

NDC 0591-5381-05

Methocarbamol =
Tablets USP ol

Watson.® 500 Tablets Rxonly (!

X ILLINOIS
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CBD

e Cannabinoid essentials:
* Anything with a neural system has cannabinoid receptors
e Responsible for a wide range of cellular functions — affect every organ
* Overall function of cannabinoid system:

“Relax, eat, sleep, forget,

and protect”

X ILLINOIS
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CBD

e Cannabinoid essentials:

* Anything with a neural system has cannabinoid receptors
e Responsible for a wide range of cellular functions — affect every organ
* Overall function of cannabinoid system:

* Tonically active

Stress . oY
* Similar to endogenous opioids
Memory

Anxiety * Anti-inflammatory

Appetite

Behavior neuroinflammation

Sleep
Learning ( Synaptic plasticity Neuron excitability

T ILLINOIS Motor function /= Adult neurogenesis
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CBD

e Cannabinoid essentials:

* Receptors
* Endocannabinoids

* Enzymes
* Synthesis
e Uptake
* Degradation

X ILLINOIS
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Plant-derived cannabinoid

Presynaptic
neuron

Postsynaptic |
neuron

(for example, TCa?*
concentration)



CBD

e Cannabis — Cannabinoids and Terpenes

-
______

.
’

\‘\ p 9 I’l
‘ant Biow?®
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100+
Rare Cannabinoids
CBG, CBC, CBN, CBGA,

CBCA, CBNA, CGBV,
CBCV, THCV, CBDV,

THCA, CBDA, etc.

Major
2] Cannabinoids

THC, CBD

/alencene
anti-inflammatory, anti-irritant, anti-microbial antiallergic, anti-inflammatory, anti-melanogenesis

Trans-nerolidol
anti-cancer, anti-microbial, anti-oxidant, anti-parasitic

antinociceptive, anti-inflammatory
Terpinolene

anti-oxidant, skin lesion

Phytol

Caryophyllene
anti-insomnia, immunosuppressant

anti-bacterial, anti-fungal, anti-inflammatory

Pinene

Delta 3 Carene
anti-inflammatory, bone stimulant

Eucalyptol
anti-bacterial, anti-fungal

Myrcene
relaxing, sedating

Geraniol Linalool
anti-cancer, anti-oxidant, neuroprotectant anti-anxiety, anti-epileptic, anti-psychotic, pain killing
Humulene Limonene
anti-anxiety, anti-cancer, digestion, gallstones

anti-bacterial, anti-inflammatory, anti-tumor

— CBD, ‘whole plant’/’broad spectrum’ products

anti-bacterial, anti-fungal, anti-insomnia, antiseptic

anti-depressant, anti-inflammatory, anti-microbial



CBD

* s CBD analgesic?

* Rodent studies
* Analgesic, anti-inflammatory
* Acute, inflammatory and chronic pain &
e Humans i
e Studies are still limited and variable
e Benefits with THC and/or CBD
* Neuropathic and advanced cancer pain
* Limited effect — acute pain, OA pain

X ILLINOIS
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CBD

* s CBD analgesic?
* Dogs
e 5studies on OA pain in dogs — 2 mg/kg PO g12hr
* Mixed results

* Questionnaire studies — possible analgesia
* Most objective study — no effect

* Cats
* Case report of positive efficacy with OA pain 0.5 mg/kg g 12 hr
* No difference in post-op pain score for spay 2 mg/kg before surgery

I ILLINOIS
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CBD

* Can | recommend CBD to a client?
* Marijuana legalization does not apply to animals

* CBD derived from hemp is not illegal
* CBD is not FDA approved for animal use as a food or drug

g Legally risky . .
QV AL 854( No medical claims

Follow label guidelines

GMP
Audits
Third party testing

)

)
M Mg suppLne
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Librela — Bedinvetmab

e Anti-NGF Monoclonal Ab

* Once a month injection

Librela'C

e Possible adverse effects:
e Ataxia, seizures, paresis, recumbency,
urinary incontinence, polyuria, polydipsia
death, euthanasia

Y N ere

e Careful client communication,
education and informed consent

L‘ibrelo’f'\-; & Lvibrelo"\-'_ 10%
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Non-Pharmaceutical Options

* Physical therapy

* Diet/body condition
* Acupuncture

* Non-slip flooring

e Soft bedding

* Temperature

* Exercise modification (stairs)

X ILLINOIS
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Case

* Wolfie =9 yr MC Great Dane
e Osteosarcoma of right front limb
* Palliative care

* Current treatment:

e Meloxicam
e CBD

e Still painful...what next?

X ILLINOIS
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Case

* Wolfie =9 yr MC Great Dane

* Current treatment:

e Meloxicam
e CBD

* Phasein:
e Gabapentin 10 mg/kg
e Amantadine 3 mg/kg
* SQ ketamine injections 0.5 mg/kg
* Maropitant 1 mg/kg
* Acupuncture

X ILLINOIS
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Take Home Points

 Multimodal pain management is most effective, especially in
chronic pain states

* There are numerous analgesic options available for
inpatients and outpatients

* Monitor pain levels and adjust medication as needed

X ILLINOIS
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Questions, Comments, Discussion?
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