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Optimal pain relief is generally achieved with the simul-
taneous use of two or more different classes of analge-
sics: this is known as multimodal analgesia. In this 
approach, each analgesic acts at different levels of the 
nociceptive pathway to produce analgesia.1 This case 
series presents the use of multimodal analgesia for con-
trolling perioperative acute pain in three cats undergo-
ing major surgical procedures in a veterinary teaching 
institution [Ontario Veterinary College (OVC)]. The 
rationale for the administration of different analgesics is 
discussed in each case.

Case description
Case 1
A 5.3 kg 8-year-old male neutered domestic shorthair 
(DSH) was presented with caustic burns after acciden-
tally stepping on spilled drain-cleaning product 5 days 
earlier. The lesions affected all feet, including foot pads, 
and superficial and deep soft tissues. Approximately 24 
h before, the referring veterinarian had administered 
ketoprofen and meloxicam in close temporal association. 
On admission to OVC, the cat was ambulatory and pre-
sented with moderate lameness and minimal response 
to palpation of the limbs. In the emergency setting, intra-
muscular (IM) buprenorphine (0.02 mg/kg) was given 
and used as part of the anesthetic premedication. Prior 

to, and under, general anesthesia for wound debride-
ment and repair, blockade of the distal branches of the 
radial, ulnar, median, common peroneal and tibial 
nerves was performed with bupivacaine 0.5% (2.5 mg 
per limb), according to the technique described else-
where.2 Necrotic skin, tendons and multiple phalanges 
were removed during surgery. Prior to extubation, a sec-
ond dose of buprenorphine (0.02 mg/kg) was adminis-
tered intravenously (IV). During anesthetic recovery, the 
cat was given medetomidine (1.7 μg/kg IV) owing to 
emergence delirium. Five hours postoperatively, a con-
stant rate infusion (CRI) of fentanyl was started (1–3 μg/
kg/h IV) for the next 36 h. The cat was then adminis-
tered buprenorphine again (0.01–0.02 mg/kg IV PRN) 
until hospital discharge (28 days later). Pain assessment 
was performed by the attending clinician and trained 
staff, and was based on the cat’s behavior and response 
to gentle palpation of the limbs. Gabapentin (18.9 mg/kg 
PO q8h) was started 24 h after surgery and continued 
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during hospitalization. Two weeks after the first inter-
vention, a second surgical procedure was carried out for 
skin grafts. Premedication, induction agents and local 
blocks were the same as used in the first anesthetic epi-
sode. Meloxicam (0.1 mg/kg SC) was administered 
intraoperatively and continued for 4 days postopera-
tively (0.05 mg/kg SC q24h) (Figure 1).

Case 2
A 4 kg 13-year-old male neutered DSH was presented 
for permanent epicardial pacemaker placement and 
hemi-mandibulectomy after previous diagnostic work-
up. No signs of pain-related behaviors were observed or 
noted during physical examination. The cat was pre-
medicated with butorphanol (0.4 mg/kg IV) and induc-
tion of anesthesia was performed with a combination of 
ketamine (5 mg/kg) and midazolam (0.25 mg/kg). 
Lidocaine 2% (20 mg) was infiltrated in the subcutane-
ous (SC) tissue for temporary pacemaker placement via 
the jugular vein. One and a half hours later, fentanyl  
(2 μg/kg bolus IV; 5–15 μg/kg/h IV CRI) was started 
for the surgical procedure. An intercostal nerve block 
was performed by infiltrating 1.25 mg of bupivacaine 
0.5% in each of the two adjacent intercostal nerves cra-
nial and caudal to the left fourth intercostal space where 
the surgical incision was made.2 The permanent epicar-
dial pacemaker placement was performed via thoracot-
omy followed by a right hemi-mandibulectomy via a 
ventral approach. Anesthetic recovery was uneventful. 
Postoperative analgesic drugs included the administra-
tion of meloxicam (0.1 mg/kg SC q24h for 48 h), keta-
mine (2–16 μg/kg/min IV CRI for 24 h) and fentanyl 

(2–4 μg/kg/h IV CRI for 16 h). The patient was eating 
well and seemed to be comfortable at discharge 2 days 
after surgery. Tramadol (2.5 mg/kg PO q8—12h) and 
meloxicam (0.04 mg/kg PO q24h) were prescribed for 5 
days (Figure 2).

Case 3
A 9 kg 13-year-old male neutered DSH was presented for 
evaluation of a 2-week history of right hind limb lame-
ness and stifle joint instability that were consistent with 
a cranial cruciate ligament rupture. The cat expressed 
behavioral signs of pain, such as growling with attempts 
to escape during palpation of the affected pelvic limb. 
The cat was admitted for stabilization of the right stifle 
by performing a right lateral extra-capsular suture tech-
nique. Hydromorphone (0.04 mg/kg) was administered 
IM as part of the anesthetic premedication. Under gen-
eral anesthesia, an epidural injection with morphine (0.1 
mg/kg) and bupivacaine (0.8 mg/kg) was performed; 
meloxicam (0.08 mg/kg SC) was administered pre- 
emptively. The surgical procedure lasted for 45 min. Two 
hours after recovery from anesthesia the cat showed 
signs of discomfort, including restlessness and vocaliza-
tion. The animal was extremely reactive to touch of the 
surgical wound area and became extremely aggressive 
while rolling around the cage. A dose of hydromorphone 
(0.05 mg/kg IM) was administered, but failed to improve 
manic reaction of aggression. The clinicians hypothe-
sized that clinical signs were possibly related to central 
sensitization and wind-up pain. The cat was re-anesthe-
tized and a second epidural injection of bupivacaine, as 
well as an intra-articular injection of the same local 
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Figure 1  Timeline to demonstrate the analgesic drugs that were administered to cat 1 during hospitalization.  
NSAIDs = non-steroidal anti-inflammatory drugs; CRI = constant rate infusion
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anesthetic (2.5 mg) was performed. A CRI of fentanyl 
(2–3 μg/kg/h IV) was instituted for the following 18 h. 
The cat returned to its normal behavior and appeared to 
remain comfortable until hospital discharge. The fenta-
nyl CRI was stopped and buprenorphine (0.02 mg/kg IV 
PRN) was administered for the subsequent 18 h. 
Prescribed treatments included meloxicam (0.05 mg/kg 
PO q48h for 5 days) and buprenorphine (8 μg/kg buc-
cally q8h for 2 days). The owners were also instructed to 

perform ice packing by applying a cold compress to the 
incision three times daily (Figure 3).

Discussion
This case series reports the use of multimodal analgesia 
for the treatment of surgical, with or without pre- 
existing pain in three cats. Each case is an example of a 
particular clinical challenge owing to different cause, 
severity, duration and location of pain. A lack of 

Opioid CRI (fentanyl) + local 
blocks (bupivacaine) for 
permanent pacemaker Hospital discharge: 

placement via thoracotomy and 
hemi-mandibulectomy

tramadol + meloxicam 
(continued for 5 days)

2 days

0h

-2 5h

-4h

Opioid (butorphanol) + 
induction of general 

anaesthesia (ketamine + 
midazolam)  + local blocks 
(lidocaine) for temporary

End of surgery

Post-operative analgesia: 
meloxicam (continued for 

48h) + ketamine CRI (24h) 

- .

pacemaker placement + opioid CRI (fentanyl for 
16 h) 

Figure 2  Timeline to demonstrate the analgesic drugs that were administered to cat 2 during hospitalization. CRI = constant 
rate infusion

Re-anaesthetized:
epidural (bupivacaine) 
+ intra-articular block 

Hospital discharge: 
opioid (buprenorphine 
continued for 48h) + 

(bupivacaine) + opioid  
CRI (fentanyl for18h)End of surgery

meloxicam (continued 
for 5 days) + ice packing

48h

20.5h

2 5h0h

-0.75h 2h

Opioid (hydromorphone) + 
general anaesthesia + 
meloxicam + epidural 

(morphine + bupivacaine) 
for cranial cruciate

Opioid 
(buprenorphine 
until hospital 

discharge)

.0h

Rescue analgesia: 
opioid 

(hydromorphone ) 

ligament repair

Figure 3  Timeline to demonstrate the analgesic drugs that were administered to cat 3 during hospitalization. CRI = constant 
rate infusion



740	 Journal of Feline Medicine and Surgery 15(8)

consistent underlying approach among clinicians 
towards pain management was observed, particularly in 
cases 1 and 2. This is challenging in any veterinary teach-
ing hospital where a single case may be dealt by several 
different specialists. This report emphasizes the pros and 
cons of each analgesic therapy, and their combinations 
employed herein.

Opioid drugs produce analgesia by binding to opioid 
receptors within the central and peripheral nervous sys-
tem. They are the cornerstone for the treatment of acute 
and postoperative pain if one considers their efficacy, 
safety margins and versatility.3 Buprenorphine is a par-
tial agonist at µ opioid receptors that binds avidly to, 
and dissociates slowly from, these receptors.4 The drug 
was administered to the cat described as case 1 at presen-
tation owing to its provision of long-term moderate 
analgesia with few adverse effects.5,6 However, buprenor-
phine does not elicit a maximal clinical response as a full 
agonist. Therefore, had the clinicians known that sur-
gery was recommended immediately, a fentanyl CRI 
would have been a better option because it provides 
dose-dependent analgesia as a full-agonist, it can be 
titrated to effect in order to produce inhalant anesthetic-
sparing effects and it may be easily administered for 
postoperative analgesia. The fentanyl infusion was initi-
ated approximately 5 h after buprenorphine administra-
tion in an attempt to minimize an interaction with 
buprenorphine; the mixing of opioid analgesics may 
produce antagonistic properties and interfere with opti-
mal pain relief as discussed below. The IV route was cho-
sen for administration of buprenorphine after 
discontinuation of fentanyl CRI because recent studies 
have shown that the drug provides better anti-nocicep-
tion after IV administration, and has a faster onset of 
action, when compared with SC or IM administration.7

Following induction of anesthesia, ‘declaw’ blocks, as 
described previously, were performed to provide anal-
gesia and prevent central sensitization in case 1; this 
technique has been performed in combination with other 
analgesic modalities in cats undergoing onychectomy.2 
Pre-emptive analgesia (ie, administration of agent before 
the noxious event) may help to reduce the total amount 
of anesthetics needed during surgery, as well as anes-
thetic-induced cardiopulmonary depression and the 
postoperative analgesics required. Local anesthetics are 
ideal for providing pre-emptive analgesia as these com-
pounds inhibit nervous impulse generation and conduc-
tion by reversibly blocking voltage-dependent sodium 
channels, thus blocking the transmission of nociceptive 
input to the spinal cord, and inhibiting central sensitiza-
tion.8 These drugs are relatively safe when appropriate 
doses and techniques are used, albeit central nervous 
system and cardiovascular toxic effects may be observed 
when accidentally administered IV or greater than rec-
ommended amounts are used.9 In all the cases described 

herein, toxic doses were calculated and care was taken to 
ensure that IV administration did not occur. Indeed, 
close monitoring of patients is essential when adminis-
tering local anesthetics at dosages that are close to the 
ones considered to be toxic for that species.

The same cat received medetomidine during anes-
thetic recovery and shortly after extubation. The α2 adr-
energic agonists are sedatives with muscle relaxant and 
analgesic properties that are widely used in veterinary 
medicine.10 In our experience, small doses of (dex) 
medetomidine can be used to treat emergence delirium 
and/or dysphoria after general anesthesia in healthy 
cats. Transient increases in systemic vascular resistance 
with reflex bradycardia and further decreases in cardiac 
output are usually observed after α2 adrenergic adminis-
tration. Therefore, their use should be restricted to ani-
mals that can tolerate such cardiovascular effects.11

Gabapentin was administered to cat 1 as neuropathic 
pain was suspected owing to damage of nerve endings 
and because the drug has been shown to decrease post-
operative opioid requirements in humans.12 This drug 
has been used widely in the treatment of neuropathic 
pain, although its mechanism of action is not fully eluci-
dated, and doses are commonly based on anecdotal 
reports.13 In cats, the pharmacokinetics of gabapentin 
have been determined;14 it seems to be effective as an 
adjuvant analgesic in the treatment of acute pain.15 
Increasing doses of up to 50 mg/kg PO have been rec-
ommended.13 Gabapentin may be used adjunctively in 
the treatment of hyperalgesia and allodynia in order to 
potentiate the effect of other analgesic drugs.15

Fourteen days after presentation, cat 1 required a sec-
ond surgical intervention, and the anesthetic and analge-
sic protocols were similar to the first episode. At this 
time, meloxicam was administered for treatment of post-
operative pain for 4 days. Non-steroidal anti-inflammatory 
drugs (NSAIDs) are popular for their anti-inflammatory, 
analgesic and antipyretic properties. Their analgesic 
effects are secondary to the inhibition of cyclooxygenase 
enzymes in cell membranes.16 In healthy cats, short-term 
administration of NSAIDs has not been correlated with 
adverse effects,17 although this may not be the case in 
cats with naturally-occurring disease in the clinical set-
ting. Cats have limited hepatic glucuronidation and con-
sequent NSAID metabolism,18 which may induce the 
development of adverse effects, such as gastric irritation, 
hepatic and renal damage, and inhibition of platelet 
aggregation.19 Meloxicam was chosen as part of the pain 
management protocol as a recent study in cats has shown 
that its metabolites are products of oxidative metabo-
lism, and excretion occurs primarily via feces.20 This 
drug was given to all cases with no detectable clinical 
side effects. In case 1, previously to the first anesthetic 
episode, the cat had been administered two different 
NSAIDs in close temporal association and, for this 
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reason, NSAID treatment was withheld initially. 
Although a wash-out interval when switching NSAIDs 
has not been validated, the use of two NSAIDs in close 
temporal association is contraindicated.21

In case 2, lidocaine was infiltrated in the SC tissue 
before temporary pacemaker placement via the jugular 
vein to minimize surgical stimulation and provide anal-
gesia. Prior to the thoracotomy, an intercostal block was 
performed as part of the multimodal analgesic regimen. 
A mandibular block could have been beneficial prior to 
the hemi-mandibulectomy, but other analgesic tech-
niques were preferred owing to the risk of seeding neo-
plastic cells.22

Butorphanol is an agonist and a µ opioid receptor 
antagonist that provides mild and short-acting analgesic 
effects.23 The drug was administered as part of the anes-
thetic premedication in case 2 because temporary pace-
maker placement was deemed to cause only mild pain. 
Retrospectively, a fentanyl or remifentanil CRI would 
have been a better option to start with in order to avoid 
a possible opioid interaction between butorphanol and 
fentanyl. The clinicians tried to minimize this interaction 
by initiating the fentanyl CRI approximately 1.5 h after 
butorphanol administration, when the effects of butor-
phanol were likely to be wearing off.23 In laboratory set-
tings there has been controversy as to whether or not 
administration of an agonist–antagonist with a pure µ 
agonist will diminish analgesic efficacy.24,25 However, 
mixing full, partial and/or agonist-antagonist opioids 
should be avoided whenever possible as these combina-
tions may provide less than optimal analgesic effects and 
unpredictable pain relief in the clinical setting.

Intraoperative fentanyl reduces inhalant anesthetic 
requirements potentially resulting in less cardiopulmo-
nary depression while also providing analgesia.26 Doses 
of fentanyl were titrated in case 2 depending on require-
ment with lower doses being used to provide the con-
scious cat with analgesia while higher doses were given 
during surgery in response to painful manipulations. An 
NSAID and ketamine CRI were combined with fentanyl 
for postoperative analgesia. Ketamine is a dissociative 
anesthetic used commonly in cats. This drug is a non-
competitive antagonist of N-methyl D-aspartate recep-
tors involved in the transmission and modulation of 
nociceptive stimuli in the dorsal horn of the spinal cord, 
a key player in neuropathic and chronic pain.27 As part 
of a multimodal approach, ketamine has shown to 
improve postoperative analgesia in dogs undergoing 
forelimb amputation.28 In this case, ketamine CRI was 
used as an adjunctive analgesic agent in order to mini-
mize the risk of central sensitization, potentially decreas-
ing opioid requirements.

Two days after surgery the same cat was discharged 
from hospital and prescribed tramadol and meloxicam 
for 5 days. Tramadol has weak binding affinity at µ 

receptors, and also inhibits the reuptake of serotonin and 
norepinephrine.3 Subcutaneous administration of trama-
dol has limited effect on nociceptive thresholds29 while 
providing adequate analgesia in cats undergoing ovario-
hysterectomy.30 However, oral administration of trama-
dol provides high oral bioavailability while peak 
concentrations were reached within 45 mins; doses of 
2–4 mg/kg induced significant thermal anti-nociception 
in cats, possibly making it useful for feline postoperative 
pain control following hospital discharge.31,32 In cats, 
dysphoria has been observed after injectable tramadol;29 
single administration of the drug does not alter hemato-
logic or biochemical parameters or gastrointestinal func-
tion.19 In this patient, tramadol did not appear to cause 
any side effects. The drug was combined with meloxi-
cam because a combination of tramadol-NSAID has 
been shown to produce superior analgesic efficacy than 
either treatment alone.19

The cat described in case 3 was premedicated with 
hydromorphone, which is a full agonist at µ opioid 
receptors. This drug may be a good option in the clinical 
setting owing to its low cost, lack of inducing histamine 
release after IV administration (as may be caused by 
morphine), high efficacy and long duration of anti- 
nociceptive effects.33 Hydromorphone has, however, 
been observed to cause post-anesthetic hyperthermia in 
cats34 and vomiting,5 similar to other opioids. None of 
these side effects were observed in this patient. 
Nonetheless, we recommend close temperature moni-
toring in cats receiving hydromorphone. In our experi-
ence, the administration of this opioid as supplemental 
analgesia is common in cats undergoing orthopedic sur-
gery; in this patient, however, it failed to provide ade-
quate pain relief. It was hypothesized that the cat had 
possibly developed central sensitization, which has been 
reported to occur after intensive nociceptive input and 
subsequent release of excitatory neurotransmitters. Also 
known as windup, this phenomenon may be manifested 
clinically as an exaggerated pain response to low- 
intensity stimuli or so-called allodynia.35

Epidural administration of local anesthetics and/or 
opioids can be used to provide sensory and motor nerve 
blockade caudal to the diaphragm, such as in abdominal 
and orthopedic surgeries.2 This technique has been used 
in combination with general anesthesia to reduce anes-
thetic requirements, and improve analgesia and muscle 
relaxation,36 and was considered to be adequate in case 
3. The use of local anesthetics was also performed post-
operatively when the cat showed severe signs of pain, 
and an intra-articular injection of bupivacaine was per-
formed. The latter procedure has been shown to provide 
superior analgesia when compared with intra-articular 
morphine in dogs following stifle surgery.37 In our expe-
rience, the analgesic plan used in case 3 has been suc-
cessful and efficacious in the treatment of perioperative 
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pain after orthopedic surgery in cats. The lack of analge-
sic efficacy may have been owing to individual variabil-
ity in response to a set dose of a specific analgesic 
treatment.

The long-term administration of most of NSAIDs is 
still considered an off-label treatment in the cat. In some 
countries (European Union), meloxicam is licensed for 
long-term use at 0.05 mg/kg/day, and several stud-
ies38,39 have supported its safe use when used at low 
doses (0.01–0.03 mg/kg/day) in the long term. In case 3, 
the administration of meloxicam at lower than labeled 
doses was an attempt to use the lowest effective dosage 
while ensuring adequate analgesia.40 In all cases, close 
monitoring was recommended to owners, who were 
fully informed about off-label administration of NSAIDs 
and the possible side effects.

The use of multimodal therapy for the treatment of 
pain in cats is of utmost importance; opioids are consid-
ered to be the mainstay of acute pain management used 
in combination with local anesthetic blocks and NSAIDs. 
Other classes of analgesics (eg, gabapentin, tramadol, 
ketamine CRI) may be administered for specific condi-
tions as alternative adjuvants. Critical pain recognition 
and assessment is a key component to tailor analgesic 
treatment to the individual needs on a case-by-case 
basis. The literature suggests that there are likely to be 
genetic differences between individuals and response to 
therapy in cats.41 Multimodal analgesia did not produce 
undesirable therapeutic effects in the present case series; 
however, awareness that drug interactions may lead to 
side effects is warranted. For example, opioids may pro-
duce bradycardia and dose-dependent respiratory 
depression in cats that becomes more pronounced with 
co-administration of anesthetic agents and/or sedatives 
in patients undergoing general anesthesia.3

Conclusions
This case series reported the successful treatment of acute 
pain in three cats using a multimodal approach. Pain 
management is a challenging, but essential, component 
of feline clinical practice, and multimodal analgesia may 
minimize stress while controlling perioperative acute 
pain. Rational administration of analgesic drugs may 
vary according to the cause, severity, duration and loca-
tion of pain, as well as differences between individual 
patients. Future investigations may provide a clear 
understanding of the potential side effects after the com-
bined administration of analgesic drugs.
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