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KEY POINTS

� Effective use of analgesics in small mammals requires pain intensity to be assessed. After
assessing the intensity of pain, an analgesic regimen can be formulated and administered
and its efficacy confirmed by repeated pain assessment.

� Pain assessment tools are still in an early stage of development, but assessment of spe-
cific behaviors and use of grimace scales to assess facial expression can be used in many
species.

� Analgesic dosage recommendations are based largely on clinical experience, but infor-
mation is gradually accumulating based on objective assessment of efficacy in clinically
relevant settings.
INTRODUCTION

Managing pain effectively in any species is challenging, but small mammals present
some particular problems. This clinical review focuses on pain assessment and pain
alleviation in rats, mice, guinea pigs, and rabbits, because there is a reasonable evi-
dence base in these species on which to base clinical decisions. Suggestions are
made as to how to extrapolate information to other species, such as gerbils, hamsters,
degus, and chinchillas.
Although the underlying mechanisms of nociception and pain are similar in all mam-

mals that present for veterinary treatment, detecting pain can be particularly difficult in
rodents and rabbits. But if the presence of pain cannot be recognized and its intensity
assessed, then analgesics cannot be used effectively. If pain fails to be detected, it
may be considered there is no need to administer analgesics. If pain is suspected
to be present but how much pain an animal is experiencing cannot be assessed,
then the analgesic protocol cannot be adjusted to suit the need of each individual. If
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an analgesic is given, the reduction in pain must be able to be assessed to determine
that the drug selected and the dose rate used have been effective in that individual
animal.
Pain assessment in dogs and cats is not always straightforward, but most veterinary

surgeons and veterinary technicians are familiar with the normal behavior of these
species. The normal behavior and general appearance of small rodents, ferrets, and
rabbits are often less well appreciated, so that signs associated with pain may be
overlooked. In addition, several species of small mammals are nocturnal and may
not be active when observed during normal working hours. They may also remain
immobile in the presence of an observer if they perceive them as a threat. This can
be a particular problem with rabbits and guinea pigs. Although it is not always
easy to use behavior and changes in appearance to assess pain, it is important to
overcome these difficulties so that pain can be prevented or controlled effectively in
these small animals.
GENERAL SIGNS OF PAIN

As with dogs and cats, an initial assessment of a small mammal should be made
without disturbing it. The animal’s appearance and posture may be abnormal and it
may appear hunched. Its coat may be unkempt and ruffled because of a lack of
grooming and the presence of piloerection. Rats may have a blackish discharge
around their eyes and nose, due to a build-up of secretions from their harderian
glands. This build-up of material is a nonspecific response to ill health, pain, and other
stress, but in the postoperative period it is a useful indicator that the animal could be in
pain. While an animal is observed, it may demonstrate normal inquisitive behavior and
explore its environment, but, as discussed previously, if it remains motionless this may
be because it feels threatened rather than because it is in pain. If an animal has posi-
tioned itself in the back of its cage or pen or has hidden in bedding, this can also be a
sign of fear but may also be due to pain.
Observing spontaneous behavior in a veterinary practice setting can be chal-

lenging—the smells, sounds, and sight of other patients, who may be predators of
small mammals, may result in suppression of all behavior. If an area can be found
that is free from both sounds and odors of predators, this helps assessment, and it
is also now simple to set up remote observation of animals using a webcam or teth-
ered camera system. Using a security-style camera with infrared sensitivity also allows
observation during the dark phase of an animal’s photoperiod, when many small
mammals should be very active. Aside from allowing more reliable observations to
be made, a quiet area away from predators reduces the stress associated with hospi-
talization and reduces the risk of stress-related problems, such as gastrointestinal dis-
orders in rabbits and guinea pigs.
After observing an animal in as undisturbed state as possible, it should be

approached and examined. When encouraged to move, the animal may have an
abnormal gait or posture and may show uncharacteristic signs of aggression. Rats,
mice, and gerbils usually rear when investigating what has disturbed them and the
absence of this behavior may be due to pain. When handled, rather than attempting
to evade capture, animals in pain may be apathetic or, as discussed previously,
may be aggressive and bite the handler. When examining an animal, it may respond
to manipulation or palpation of a painful area by vocalizing or trying to bite. Some
mammals, such as guinea pigs, also vocalize loudly when not in pain andmay respond
to any manipulation by tensing their muscles and remaining immobile. Similar unre-
sponsiveness can also be seen in rabbits. When examining small mammals, such
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as mice, hamsters, and gerbils, use of a clear acrylic handling tube allows good obser-
vation, without the need for firm physical restraint (Fig. 1). This method of handling has
also been shown to reduce stress and anxiety.1,2

SPECIFIC SIGNS OF PAIN

The changes, discussed previously, are nonspecific signs of pain. They can also occur
as a result of general ill health but are nevertheless useful when other examinations
suggest pain could be present, for example, due to otitis, dental disease, or arthritis.
They can also be helpful when assessing animals after surgical procedures when
some pain is inevitable unless particularly effective pain management strategies
have been implemented.
The management of pain in dogs and cats has been greatly improved by the devel-

opment of validated pain scales, incorporating behavioral changes that are reliable in-
dicators of pain. In small mammals and rabbits, such scales are in a much earlier stage
of development. Nevertheless, pain that has a visceral component, for example, after
abdominal surgery or after orchidectomy, often produces some characteristic behav-
iors in rats, mice, rabbits, and guinea pigs.3–7 Given the shared characteristics of these
behaviors, it is probable that similar behaviors are also of value in assessing pain in
other, less familiar species.
Rats, mice, rabbits, and guinea pigs may show contraction of the abdominal

muscles, producing a hollowed-out appearance to the flanks (Figs. 2–4). Rats,
mice, and rabbits may also press their abdomen to the ground (Fig. 5). Rats may
arch their backs (Fig. 6) and rats, mice, and rabbits may stagger when performing
normal behaviors. If a rat or mouse is in moderate or severe pain, these behaviors
are seen frequently, for example, 4 to 5 abnormal behaviors in a 5-minute to 10-minute
period. Rabbits show a similar frequency but may only do so if observed remotely.
Even well-socialized rabbits, with a familiar observer, may reduce the incidence of
these behaviors. Guinea pigs are even less demonstrative, and a prolonged period
of observation, using remote monitoring, for 15 minutes to 30 minutes may be needed
to identify these behavioral changes.7 Achieving this in a busy veterinary practice
may be impracticable, but other means of assessing pain, using facial expression
(discussed later), may be more useful.
Anecdotally, rabbits with abdominal pain are said to grind their teeth, but this may

not always be pain related. The author has also never observed this behavior in studies
of pain related behavior in rabbits. Rabbits and all small mammals may stop eating and
Fig. 1. Use of a handling tube to examine a mouse —the animal is encouraged to run into
the tube while in its cage or transport box.



Fig. 2. Rabbit showing abdominal contraction due to pain after surgery (ovariohysterec-
tomy) and insufficient analgesia. The animal is also showing some facial expression changes
associated with pain (see Fig. 12).
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drinking when experiencing pain. This can be difficult to detect because food is often
provided as desired, but the consequent loss in body weight can easily be monitored.8

This is one of the simplest ways of following an animal’s progress after surgery or dur-
ing treatment of any disease condition. A fall in food and water consumption caused
by pain is a serious problem in small mammals, because failure to drink can rapidly
lead to significant dehydration, and lack of food intake can predispose to the develop-
ment of hypoglycemia in small mammals. In addition, in rabbits, guinea pigs, and chin-
chillas, disturbances in food intake can lead to the development of life-threatening
gastrointestinal disturbances.
Rats andmice in pain reduce their performance of some highly motivated behaviors,

such as burrowing and nest building. Measurement of these behaviors has been used
to assess pain in carefully controlled studies,9,10 and the approach could prove useful
in a clinical setting. Mice in pain build less well-constructed nests and are slower to
build a nest. Assessing nesting behavior before and after surgery might provide addi-
tional information as to the efficacy of analgesia. Digging behavior is less easy to
assess in a home cage environment, but the methods used (filling a small bottle
Fig. 3. Rabbit showing normal profile to the abdomen and normal posture after abdominal
surgery with the provision of effective analgesia.



Fig. 4. Rat showing abdominal contraction and partial back arch due to postoperative
abdominal pain.
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with gravel or with diet pellets) is easy to implement.11 This approach has been shown
effective in detecting chronic inflammatory and neuropathic pain in rats so has the po-
tential to be used to diagnose chronic painful conditions. Demonstrating an increase in
burrowing after administration of an analgesic confirms the presence of pain and al-
lows monitoring of analgesic efficacy.

RODENT AND RABBIT GRIMACE SCALES (PAIN FACES)

Most pet owners and many veterinarians consider they can assess the emotional
state of an animal from its facial expressions. Charles Darwin considered facial ex-
pressions as indicating a range of emotions and noted that similar expressions were
shared across different species and between animals and humans.12 Applying this
approach in an objective way to assess pain is a recent development.13 After the initial
demonstration that mice show characteristic pain faces that could be used to develop
a mouse grimace scale (Figs. 7 and 8), similar scales have been developed in other
species. Rats have been shown to have facial expressions characteristic of pain14

(Figs. 9 and 10) as have rabbits15 (Figs. 11–13). Grimace scales have also been devel-
oped in horses,16 sheep and lambs,17,18 and pigs,19 and similar approaches may be
applicable in a wide range of species.20
Fig. 5. Mouse showing a characteristic press due to postsurgical abdominal pain.



Fig. 6. Back arching caused by abdominal pain after laparotomy in the rat.
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The expressions shown can be used to evaluate the degree of pain but care must
be taken because other factors can also result in animals showing these facial ex-
pressions.21 An attraction of using grimace scales is that similar changes seem to
occur with different types and sources of pain and can be easily captured by both
direct observations and use of video and still images. This approach is still at an
early stage of development, but initial studies suggest it can be used as a cage-
side means of assessing pain.22,23 Facial expression may also be less susceptible
to changing as a result of the nonspecific effects of analgesics. This can be a prob-
lem when using other behavioral assessments—for example, opioids can either in-
crease activity (in mice and gerbils) or cause sedation (in rats and rabbits). Using
grimace scales in combination with the other indicators, described previously,
may provide the best means of assessing pain in many species, not only small
mammals.
Fig. 7. Normal facial expression in the mouse.



Fig. 8. Pain face in the mouse—showing nose bulging, orbital tightening, and cheek bulge.
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ASSESSING PAIN IN CLINICAL PRACTICE

As experience is gained in observing the normal behavior patterns of small mammals
and rabbits, changes in the frequency of normal behaviors and the occurrence of
abnormal behaviors are detected with greater confidence. Although specific signs
of pain, such as guarding of an injured area, may be seen, many of the signs are
nonspecific and can also occur in response to nonpainful conditions. It is, therefore,
important to consider the appearance of the animal in relation to its case history
and other clinical findings. It is also important to appreciate that pain assessment
Fig. 9. Normal facial expression in the rat.



Fig. 10. Pain face in the rat—showing ear changes, orbital tightening, and clumping of
whiskers.
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takes time—observing specific abnormal behaviors takes 5 minutes to 10 minutes
per animal to allow effective assessments. Observing general behavior and activity
takes even longer. Couple this with the relative lack of familiarity veterinarians have,
and it is clear that one of the best people to assess pain in a companion animal is
the owner. Encouraging owners of animals to make detailed assessments, especially
in combination with administration of therapy, may be a valuable adjunct to assess-
ments in the clinic.

PAIN PREVENTION AND ALLEVIATION
Postoperative and Posttrauma Pain

Effective pain relief after surgery should be considered part of an integrated approach
to perioperative care. There is extensive evidence in people that stress and anxiety
increase the degree of pain experienced and increase the need for pain relief. In addi-
tion, veterinarians should be concerned to alleviate both distress and discomfort as
well as pain. Postoperative pain relief is important in all small mammals, but providing
Fig. 11. Normal facial expression in the rabbit.



Fig. 12. Pain face in the rabbit—showing marked orbital tightening.
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pain relief in rabbits and guinea pigs is especially important to ensure an uncompli-
cated recovery from surgery. As in other species, the most obvious means of prevent-
ing pain is by administration of analgesic drugs; however, the choice of drug and the
timing of its administration should be considered carefully. It is also important not to
overlook other important factors, for example, careful surgical technique with gentle
handling of tissues reduces the degree of postoperative pain. Analgesic use should
also be combined with nutritional and fluid and support and general nursing care.
These considerations apply to all species, but in small mammals several particular is-
sues need greater attention.24 Small mammals are particularly susceptible to devel-
oping hypothermia during anesthesia. Most anesthetic protocols include provision
of warming, but this must be continued into the postoperative period. A suitable recov-
ery area should be established as part of the preoperative preparations, so that it can
be stabilized at an appropriate temperature. Initially a temperature of approximately
35�C should be maintained and this can be lowered to 26�C to 28�C as the animal re-
covers consciousness. Animals should be provided with warm, comfortable bedding.
A layer of synthetic fleece should be provided for the initial recovery period, but once
Fig. 13. Pain face in the rabbit—showing folding and flattening of the ears and orbital
tightening.
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the animal has regained activity it can be transferred to a cage or pen containing its
normal bedding and nesting material. Rabbits and guinea pigs should be provided
with good quality hay or straw. This type of bedding allows the animal to surround itself
with insulating material, which provides both warmth and a sense of security. It also
encourages them to eat as soon as possible, so helping prevent development of
gastrointestinal disturbances.
Water should be provided, but care must be taken that this does not spill, because if

the animal becomes wet it loses heat rapidly. Small rodents are usually used to using
sipper bottles, as are rabbits, so this is not usually a problem, but it can present diffi-
culties if a bowl is used for rabbits and guinea pigs. Even after uncomplicated anes-
thesia and surgery and with good analgesia, fluid intake may be reduced, so routine
administration of warmed (37�C) subcutaneous or intraperitoneal dextrose/saline at
the end of surgery is advisable.
Provided an animal has recovered well from anesthesia, it is probably best returned

home to a familiar environment. The owner should be advised to observe the animal
closely for the next few days, to be sure it is eating and drinking and passing feces.
Establishing effective analgesia before discharging from the clinical helps ensure
the animal recovers well.

Analgesic Agents

As in other species, a range of different analgesics is available, including nonsteroidal
anti-inflammatory drugs (NSAIDs), opioids, and local anesthetics. Information con-
cerning appropriate dose rates has been drawn from a variety of sources. Some spe-
cies of small mammals have been used in laboratory evaluations of the safety and
efficacy of analgesic agents. Extensive data of this type are available for rats and
mice, but there is less information concerning rabbits, guinea pigs, hamsters, and ger-
bils. There are no data of this type for the less common small mammals, such as chin-
chillas and chipmunks. The information provided by laboratory studies is useful and
provides information of safety and efficacy, in particular analgesic tests. The tests
are not always directly relevant to the types of pain seen in veterinary practice, how-
ever, so dose rates need to be estimated carefully. It is also important to note that
these studies were carried out in healthy laboratory animals, in controlled environ-
mental conditions. Administration of analgesics to animals in poor health or use of an-
algesics concurrently with other medication may markedly alter an individual’s
response. Unfortunately, there are few studies of the efficacy of analgesics in clinically
relevant situations. The majority of information has, therefore, been obtained from
clinical experience. Dose rates are often recommended based on dose rates initially
estimated by extrapolation from other species. When applied in clinical situations
and found to be at least safe, these dose rates become established in textbooks
and review articles,25 even if efficacy has not been evaluated reliably. It is, therefore,
important to continue to review analgesic use because recommendations change
more frequently than for the more familiar companion animal species.
Fortunately, clinical experience suggests that the analgesics that are frequently

used in dogs and cats can all be used safely for the control of postoperative pain in
small mammals and rabbits. Although none of the agents listed in Table 1 has manu-
facturer recommendations for small mammals, many are extensively used both in clin-
ical practice and in laboratory animals.

Nonsteroidal anti-inflammatory drugs
Although it is likely that all the agents currently available for use in companion animals
can be used safely in small mammals and rabbits, most published data are available



Table 1
Analgesics for use in small mammals. Suggested dose rates based on clinical experience of the author and other colleagues. None of these agents has
manufacturer recommendations for use in these species. Effects vary in individual animals, and each animal should be assessed to try to determine the
efficacy of the analgesic

Analgesic Gerbil and Hamster Guinea Pig Mouse Rat Rabbit

Buprenorphine 0.1 mg/kg sc,
?6–8 hourly

0.05 mg/kg sc, 6–12 hourly 0.1 mg/kg sc, 4–8 hourly 0.05 mg/kg sc, 4–8 hourly 0.01–0.05 mg/kg sc or IV,
6–12 hourly

Butorphanol ? 2 mg/kg sc, 2 hourly 1–5 mg/kg sc, 2 hourly 2 mg/kg sc, 2 hourly 0.1–0.5 mg/kg sc or IV,
2 hourly

Carprofen 5 mg/kg sc, ? daily 4 mg/kg sc, ? daily 5 mg/kg sc, bid 5 mg/kg sc or orally, daily 1.5 mg/kg po, 4 mg/kg sc
or IV

Meloxicam ? 0.5–1.0 mg/kg sc or orally, ?
daily

5 mg/kg sc or orally, bid 1 mg/kg sc or orally, ? daily 0.4–0.6 mg/kg po,
0.4–0.6 mg/kg sc, ? daily

Morphine ? 2–5 mg/kg sc or IM, 4 hourly 5 mg/kg sc or IM, 4 hourly 2.5 mg/kg sc or IM, 4 hourly 2 mg/kg sc, IM, 3–4 hourly

Meperidine ? 10–20 mg/kg sc or IM, 2–3
hourly

10–20 mg/kg sc or IM, 2–3
hourly

10–20 mg/kg sc or IM, 2–3
hourly

?

Tramadol ? ? 5 mg/kg sc, IP or po 5 mg/kg sc, IP or po ?

?, insufficient data to recommend dose rates.
Abbreviations: bid, twice a day; IM, intramuscularly; IP, interperitoneal; po, per os (by mouth); sc, subcutaneous.
Data from Flecknell and Waterman-Pearson, 2000, “Pain management in animals”, Flecknell, “Laboratory animal anaesthesia, 2015, clinical experience.
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for meloxicam and carprofen. There seems some marked species variation in efficacy
of NSAIDs, with very high dose rates required in mice (20 mg/kg) in comparison
with rats (1 mg/kg) for postoperative analgesia.26–28 Similarly in rabbits, high doses
of meloxicam are needed for postoperative analgesia, and these need to be combined
with local anesthesia or opioids for effective pain relief,6,29,30 illustrating the
care needed when extrapolating between species, without the means of evaluating
clinical efficacy.
Some NSAIDs have been associated with undesirable side effects. Although

ketoprofen has effective in rats,31 it has been reported to cause gastrointestinal ulcer-
ation.32,33 There are anecdotal reports of toxicity of carprofen and meloxicam, but
such reports are uncommon and the short treatment period required for postoperative
pain management is unlikely to result in undesirable side effects. Dosing recommen-
dations for carprofen and meloxicam are usually once daily, but this is based on few
data, and twice-daily administration may be required in mice.34,35 In the rabbit,
once-daily administration of meloxicam may be sufficient.36 In the guinea pig,
meloxicam combined with local anesthetic block at the surgical site provided effective
pain relief.7

Meloxicam is one of the most widely used NSAIDs in small mammals and rabbits in
veterinary clinical practice because it is available as both an injectable and palatable
oral formulation. The oral formulation is easy to administer to a range of species so can
be given to owners to continue analgesic treatment at home.

Acetaminophen (Paracetamol)
Although there are extensive data demonstrating the efficacy of acetaminophen in
models of nociception,37 results when using this agent for postsurgical pain relief
have been disappointing (Roughan, personal communication, 2010).28,38 It is possible
that combinations of acetaminophen with NSAIDs or weak opioids may bemore effec-
tive, but so far few controlled studies have been undertaken for postoperative pain.
One attraction of acetaminophen is its availability in a palatable solution,39 but given
its apparent poor efficacy, even at high dose rates, it is usually preferable to administer
an NSAID, such as meloxicam.

Opioids
Although there are extensive data on use of a wide range of opioids in rats and mice,
the most extensively used agent in these species, and in other small mammals, is
buprenorphine.40 Although this agent is a partial agonist, the degree of analgesia pro-
vided is often sufficient to control most postsurgical pain. The duration of action is
dose dependent,41 with higher dose rates providing a longer effect. When adminis-
tered at the most commonly recommended dose rates (as in Table 1), the duration
of action may range from 4 hours to 8 hours, depending on the species and the indi-
vidual.42–44 This is considerably longer than other opioids, such as morphine, and this
prolonged action is largely responsible for the popularity of this agent.
An uncommon side effect of buprenorphine in rats is the onset of pica, which usually

manifests as compulsive eating of bedding.45 This is a nonspecific opioid effect,
thought to indicate nausea.46 If it occurs, then further use of opioids should be avoided
in the patient.
Recently a slow-release formulation has become available in the United States,

which provides sustained plasma concentrations of buprenorphine for 3 days.47–49

The slow-release formulation has been shown to have efficacy in several different sit-
uations and it may offer an effective means of managing pain, especially when animals
are to return home with their owners. One concern is that repeated dosing with
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buprenorphine for several days has been associated with detrimental effects. This does
not seem to occur with slow-release formulations,43 perhaps because plasma concen-
trations of the agent are more stable, in contrast to the repeated peaks and troughs
associated with intermittent dosing. At present, most data are available for use in
rats and mice, but information on pharmacokinetics in other species is being pro-
duced.48 Although many surgical procedures do not result in pain of sufficient intensity
and duration to warrant 3 days of opioid administration, if the slow-release formulation
can be used without causing undesirable side effects, then it provides a valuable addi-
tion to options for pain management in all species.
There is less information on the relative efficacy of other opioids, such as oxymor-

phone, hydromorphone, butorphanol, and morphine, when used to manage pain in a
clinical setting. Laboratory data indicate these opioids are all effective analgesics in
rats.50 They have a shorter duration of action, however, than buprenorphine in small
mammals42 so if used, either frequent repeated dosing is required or analgesia pro-
vided using other agents.
Patch formulations of opioids have been used in rabbits, with reports indicating that

effective plasma concentrations could be produced, but this was complicated by
rapid hair regrowth. Using depilating agents resulted in rapid fentanyl absorption
and signs of sedation51 but with no demonstration of efficacy. Although newer designs
of patch can be cut into small pieces to reduce the dose applied, there are no
controlled studies of efficacy in small rodent.
Opioids can also be administered epidurally or intrathecally, by percutaneous injec-

tion, as in cats and dogs. The technique in rabbits, guinea pigs, and rats is reasonably
practicable,52 although a recent evaluation of intrathecal morphine in rats showed
that, unlike in dogs and cats, the duration of action of this opioid was not prolonged
when administered by this route.53 Effective analgesia was, however, produced with
a much reduced dose of morphine.
Opioid side effects in small mammals and rabbits rarely cause clinically significant

problems. Concern has been expressed that the reduction in gut motility by opioids
could be a problem in rabbits, guinea pigs, and chinchillas, because of the sensitivity
of these species to postoperative ileus. This does not seem to be a problem in clinical
practice. Any effects of opioid administration are likely to be minimal compared with
the effects of surgery in producing ileus. In addition, provision of effective pain relief
encourages the animals to resume feeding rapidly, and this helps re-establish normal
gut function. Finally, if there are concerns about ileus, prokinetics, such as cisapride,
can be administered. As an alternative, the H2 blocker ranitidine has prokinetic prop-
erties in rabbits and is often more readily available than cisapride.54

Tramadol
Tramadol is a weak opioid with additional analgesic actions by inhibition of serotonin
and noradrenaline reuptake, enhancing descending inhibition of nociceptive
pathways.55 The pharmacokinetics of this agent have been studied in rats, mice,
and rabbits and efficacy in laboratory models of nociception demonstrated.56 Studies
of its efficacy for postoperative pain management in rats and mice have shown vari-
able efficacy,57–59 but its good oral bioavailability makes it a potentially useful agent
for postoperative analgesia.
Tramadol undergoes rapid metabolism in many species, to a range of metabolites,

many of which have analgesic activity. In the rat, the main metabolite is a more potent
opioid than tramadol itself.60 In the rabbit, plasma concentrations of tramadol were
low after oral administration61 and doses recommended for analgesic use
(4.4 mg/kg intravenous [IV]) had minimal effects on isoflurane mac.62 Until clinical
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efficacy is demonstrated in rabbits, it should be used only when other agents are
considered unsuitable.
Because tramadol is available as an oral formulation, it may be suitable for prescrib-

ing to provide more prolonged analgesia in animals once they return home, perhaps in
combination with an NSAID when more potent analgesia is required.

Local anesthetics
The use of local anesthetics in small mammals has been a neglected option for the
provision of postoperative analgesia. This may be due to misinterpretation of some
early studies, resulting in statements in textbooks that these agents were highly toxic
in rodents. This is clearly not the case. The toxic doses in small rodents, for all the
commonly used local anesthetics is similar to that in other species. There are fewer
data in rabbits and guinea pigs, but clinical experience and laboratory studies indicate
the agents can all be used safely and effectively.
As in other larger species, local anesthetics can be administered as splash blocks,

by local infiltration, by blocking specific sensory nerves, and by the epidural or intra-
thecal route. When using these agents in small mammals, the total safe dosage should
be calculated and prepared for use. Although the agents are no more toxic than in
other species, the total dose in a 30-g mouse is small (eg, 0.03 mL of 1% lidocaine).
When infiltrating a large surgical field (eg, after radical mastectomy in a rat), it is easy to
inadvertently overdose. The volume of agent can be increased by dilution, but this re-
duces the duration of action. Dilutions of lidocaine to 0.25% have been shown to pro-
vide effective local block.63 Lidocaine can also be combined with bupivacaine to
provide rapid onset block, followed by prolonged block due to the action of the bupi-
vacaine. Although this approach results in a reduced duration of action of bupiva-
caine,64 it is often of considerable clinical benefit by providing effective immediate
pain relief. The toxicity of these agents is additive, and in rabbits the recommended
maximum dose rates for cats seem appropriate (eg, 1 mg/kg of each agent). In small
rodents, higher doses have proved safe and effective in the author’s experience
(10-mg/kg lidocaine plus 5-mg/kg bupivacaine). Dilution of bupivacaine 1:4 has only
a moderate effect on duration of action, so combining the 2 agents in a 50:50 mix
and adding an equal volume of water for injection usually provides sufficient volume
for infiltration.
Local anesthetic creams, applied topically, are useful for preventing pain during veni-

puncture65 and in rabbits provide full-thickness analgesia when applied to the ear.15

Preventive Analgesia

Use of preventive analgesia is widely recommended in larger species and the same
approach can be used in small mammals. In addition to ensuring pain alleviation is
effective in the immediate recovery period, administration of an opioid analgesic as
preanesthetic medication potentiates the effects of the anesthetic agents that are
administered. This enables effective surgical anesthesia using dose rates of anes-
thetic that are less depressant to body systems. If volatile agents, such as isoflurane
and sevoflurane, are used, then it is easy to adjust the maintenance concentration of
anesthetic to allow for this effect. For example, if buprenorphine has been adminis-
tered 30 minutes to 60 minutes before induction of anesthesia, the maintenance con-
centration of isoflurane is reduced by approximately 0.5% and sevoflurane by 1%. The
induction concentration does not need to be adjusted. Although the time taken to
reach a surgical plane of anesthesia is shorter after administration of opioids, this ef-
fect is rarely noted in practice. Recovery is not affected but may be smoother because
the animal is not experiencing postsurgical pain. It is more difficult to assess the effect
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when using injectable anesthetic formulations, but in rabbits, there are reports of the
use of mixtures of ketamine/medetomidine and either butorphanol or buprenor-
phine.66,67 Although these combinations seem safe and effective, the effects are pri-
marily to prolong the duration of anesthesia, and the anesthetic dose sparing effects
seen in other species (eg, cats) are not as apparent.
Preoperative administration of NSAIDs does not influence anesthetic depth but can

result in more effective postoperative analgesia when administered prior to surgery.
One concern is the potentially high incidence of chronic renal disease in small mam-
mals, in particular rabbits and guinea pigs, and especially in older animals. Because
preanesthetic assessment of renal function may not be undertaken, it may be safer
to delay administration of the NSAID until the end of surgery, during recovery from
anesthesia, in animals considered at risk.

Outpatient Analgesia

Although several agents are available that should, when administered at appropriate
doses, provide effective analgesia, it can be challenging to extend the period of pain
relief if an animal is to be returned home. Returning to the home environment may be
beneficial in reducing stress caused by unfamiliar odors, sounds, and noises. It is
also important, however, that effective pain relief is provided when necessary.
One potentially attractive option is the addition of analgesics to the drinking water,
and there are several reports of this approach in a laboratory setting.68,69 There
are several significant problems in using this approach. Small rodents are nocturnal,
so little water, and hence little analgesic, is consumed during the day. If the degree of
pain relief is ineffective at the end of the day, then animals have a reduced fluid
intake. Addition of the analgesic may make the water unpalatable. Rats and guinea
pigs are also neophobic, so even if the material is palatable, they may not consume it
unless they have been familiarized to the taste previously. Finally, the volume of fluid
consumed by small rodents and rabbits varies very considerably between individ-
uals, so the dose of analgesic received also is highly variable. In summary, it is better
to provide the owners with a syringe and a small quantity of oral medication, such as
meloxicam.

Recommendations

Although it is always important to exercise clinical judgment as to which analgesic
regimen is likely to be effective for a particular patient, some general guidance can
be suggested. Whichever regimen is selected, it is important to attempt to assess
pain to evaluate the efficacy of the analgesics administered.
A typical regimen that is likely to provide effective analgesia after ovariohysterec-

tomy or similar surgery in rabbits or mammary tumor removal in rats is buprenorphine
preoperatively, meloxicam or carprofen during recovery from anesthesia, and followed
by repeated doses of the NSAID by mouth for the following 1 day to 2 days.30 If
needed, the buprenorphine dosing could be repeated 5 hours to 7 hours after recov-
ery. If prolonged moderate or severe pain is anticipated, then slow-release buprenor-
phine may be advantageous. Procedures, such as orchiectomy, may not require such
prolonged treatment, and use of an opioid together with a single dose of an NSAID
might be sufficient. As discussed previously, adding a local anesthetic block seems
particularly effective during procedures, such as orchiectomy, where infiltration of
the surgical site is easy. To provide both immediate local anesthetic effects, and
some postsurgical analgesia, lidocaine should be combined with bupivacaine (or other
longer acting local anesthetic).
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Managing Other Causes of Pain

Chronic pain may arise from conditions, such as neoplasia, arthritis, and dental dis-
ease. Older rodents, in particular rats, commonly develop arthritis, and this may mark-
edly affect their quality of life. Dental disease is also common in rabbits and guinea
pigs. Although malocclusion of molar and premolar teeth can be treated surgically,
this is a major procedure and may be considered undesirable in specific cases. In
these circumstances, control of the associated pain by oral administration of NSAIDs,
such as meloxicam, coupled with more conservative dentistry may enable the animal
to continue to lead a comfortable life or allow its general clinical condition to be
improved before anesthesia and surgery.
As discussed previously, some data exist concerning safety of analgesics in

these species, but these assessments are invariably carried out in otherwise
healthy, young adult animals. Care, therefore, should be taken when extrapolating
these findings to animals that may have preexisting organ damage—for example,
chronic renal disease is common in older hamsters, rats, and guinea pigs. This is
rarely a significant clinical problem when drugs are used acutely to control postsur-
gical pain, but special care should be taken if analgesics are administered longer
term to manage chronic painful conditions, such as arthritis. Despite these con-
cerns, in the author’s experience, oral administration of low doses of NSAIDs for
long periods can have positive effects in arthritic rodents. A regimen of 2 weeks
to 3 weeks of treatment, followed by a 7-day break, followed by resumption of
treatment, reduces the risk of undesirable side effects. Other means of reducing
arthritic pain should not be overlooked—feeding of a soft mash, rather than a
hard, pelleted diet can improve food intake, especially if arthritis of the mandibular
joint is present. Provision of additional soft bedding is also advisable. In addition,
consider the design and location of any water bottles, and change these if they
require the animal to adopt a posture that could exacerbate joint pain. Anecdotal
reports are available regarding the safety of long-term administration of NSAIDs,
and it seems that meloxicam can be administered to rabbits for weeks or months
at low doses (0.2 mg/kg once a day or twice a day orally) to provide sufficient pain
relief to allow animals with dental problems to continue to eat.70 Adjunctive thera-
pies for arthritis that may be of benefit in other species may also be effective in
small mammals. For example, glucosamine/chondroitin has been used in rabbits,
with dose rates extrapolated from the cat, and laboratory studies indicate a bene-
ficial effect of glucosamine.71

Pain may also arise due to other medical conditions, such as otitis externa, ocular
disease, abscesses, and trauma. As in other species, pain should be managed effec-
tively as part of the treatment plan for the condition. Regrettably, analgesic adminis-
tration may be an afterthought, or completely neglected, when managing conditions
where medical treatment is likely to resolve the problem reasonably rapidly. Use of an-
algesics should always be considered—particularly before undertaking procedures
that are likely to exacerbate the degree of pain. For example, administration of an
NSAID or even an opioid before attempting to apply topical treatment to otitis externa
in a rabbit can be of considerable benefit to the patient.

SUMMARY

Pain in small mammals and rabbits can be managed as effectively as in other species.
A range of potentially effective agents is available, and safe dose rates have been
established for mice, rats, rabbits, and guinea pigs. Although less information is avail-
able of other species, extrapolation between related species often enables safe
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dosing of less familiar small mammals. New techniques for pain assessment enable
evaluation of the efficacy of an analgesic regimen in individual animals, although
this remains challenging in a clinical setting.
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