
Transdermal Fentanyl Patches 
in Small Animals

Fentanyl citrate is a potent opioid that can be delivered by the transdermal route in cats and
dogs. Publications regarding transdermal fentanyl patches were obtained and systematically
reviewed. Seven studies in cats and seven studies in dogs met the criteria for inclusion in
this review. Dogs achieved effective plasma concentrations approximately 24 hours after
patch application. Cats achieved effective plasma concentrations 7 hours after patch appli-
cation. In dogs, transdermal fentanyl produced analgesia for up to 72 hours, except for the
immediate 0- to 6-hour postoperative period. In cats, transdermal fentanyl produced analge-
sia equivalent to intermittent butorphanol administration for up to 72 hours following patch
application. J Am Anim Hosp Assoc 2004;40:468-478.
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Introduction
Fentanyl citrate, an opioid from the 4-anilinopiperidine class, has been
used for decades in both human and veterinary medicine.1,2 In 1991, the
Alza Corporation designed a patch systema to continuously release fen-
tanyl through the skin and into the systemic circulation.3 The patch deliv-
ery would theoretically achieve and maintain steady-state therapeutic
plasma levels more readily than bolus administration. The first appear-
ance of transdermal fentanyl patches in the clinical veterinary literature
was in 1996.4 Including that study, eight research studies in cats and
seven in dogs have been published over the past 8 years.4-18

Despite these reports, there is still confusion and disagreement regard-
ing some aspects of fentanyl patch placement, use, and disposal.
Systematic reviews have been used in human medicine to collate a vari-
ety of disparate publications and have several advantages over narrative
reviews.19 These advantages include the use of explicit methods to limit
bias in identifying and rejecting studies, the development of more reliable
and accurate conclusions because of the methods used in the review,
identification of inconsistencies across studies, the generation of new
hypotheses about particular subgroups, and the ability to formally com-
pare different studies to establish universality of findings and consisten-
cy of results.20 The purpose of this paper was to develop clinical
recommendations for the use of transdermal fentanyl patches in dogs and
cats on the basis of a narrative review, a systematic review, and a simple
cost analysis.

Fentanyl Characteristics
Fentanyl is a potent mu opioid-receptor agonist.21 The reported potency
of fentanyl has varied widely but is generally accepted to be approxi-
mately 100 times that of morphine.21,22 The absolute receptor-binding
affinity, however, is only 1.7 times that of morphine.23 The higher potency
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of fentanyl has been attributed to its lipophilic nature, which
enhances its ability to cross the blood-brain barrier.23

Fentanyl has an oral bioavailability of 30% in people and a
transdermal bioavailability of 63.8% in the dog and 35.9%
in the cat.6,10,24

Characteristics of mu-agonists include analgesia, seda-
tion, increased segmental contractions in the gastrointestinal
tract, decreased propulsive contractions in the gastrointesti-
nal tract, increased tone of certain sphincters (i.e., bile duct,
urethra), respiratory depression, emesis, physical depend-
ence, bradycardia, and miosis.24 The pharmacokinetics of
injectable fentanyl in the dog have been described.6

Although the mean distribution half-life in the dog is sub-
stantially longer than in people, the clinical effects of
injectable fentanyl are too short-acting in the dog for it to be
used effectively for long-term analgesia by bolus adminis-
tration.6,25-28 Fentanyl has been used as a component of bal-
anced anesthesia in dogs and can be used for analgesia via
intravenous constant-rate infusion.29,30

In people, transdermal fentanyl is contraindicated in
postoperative situations but is indicated in patients with can-
cer pain. These indications are based on premarketing clin-
ical evaluations that documented an incidence of respiratory
depression in 4% of postoperative patients and in 2% of
cancer patients who received fentanyl.b In normal dogs,
clinically insignificant respiratory depression occurs at the
plasma concentrations of fentanyl obtained by transdermal
patches.31 Following surgery in dogs, transdermal fentanyl
does not cause respiratory depression, despite reaching rel-
atively high plasma fentanyl concentrations.14 Therefore,
transdermal fentanyl is not contraindicated in dogs in the
postoperative period. Careful monitoring of effectiveness
and potential adverse effects is warranted, however, in all
animals after application of a transdermal fentanyl patch.

In the United States, fentanyl is a Schedule II drug
according to the Controlled Substances Act of 1970. A
Schedule II drug has a high potential for abuse and a cur-
rently accepted human medical use with severe restrictions,
and abuse of the drug may lead to severe psychological or
physical dependency.c It has been documented that signifi-
cant reserves of fentanyl may remain in transdermal patch-
es even after several days of use, and these reserves can be
abused.32,33 Fentanyl patches may be prescribed and
applied to an animal that is to leave the veterinary hospital.d

As with all off-label drug applications, a consent form
signed by the owner is required by some states for use of
these patches. Owners should be informed of the potential
risks of fentanyl exposure to people within the household,
particularly children. Disposal of the patch is done by fold-
ing the patch upon itself and flushing it down a toilet, as rec-
ommended by the manufacturer.b Some sources recommend
wearing gloves and cutting the patch before flushing it
down the toilet, so that any fentanyl remaining in the patch
diffuses out and an individual finding a patch fragment will
be unable to abuse it.34 Any other disposal method may not
fully prevent access to unused drug in the patch. 

Transdermal Delivery
Transdermal delivery systems have been used to administer
a variety of medications in people, including clonidine,
estradiol, fentanyl, nicotine, nitroglycerin, scopolamine,
and testosterone.35 Although historically the transdermal
route has been limited to pesticides in small animals, it is
becoming a more popular method of administering pharma-
ceutical agents.35 Advantages of transdermal delivery
include continuous delivery that minimizes plasma concen-
tration peaks and troughs, bypass of hepatic first-pass
metabolism associated with oral and rectal administration,
noninvasiveness, and reduced frequency of dosing.
Disadvantages of transdermal delivery include the potential
for cutaneous irritation, unpredictable and variable uptake,
and the need to shave a patch of hair for placement of the
delivery system in some instances.35

The skin’s natural structures serve to prevent transmis-
sion of substances to the systemic circulation. The stratum
corneum, the outermost layer of the epidermis, is the loca-
tion of most of the skin’s chemical barriers.35 The kera-
tinized cells of the stratum corneum are surrounded by an
intercellular lipid matrix that maintains the structure of the
stratum corneum.35 This lipid matrix is the primary route of
transit for transdermal drugs and is the source of the require-
ment that the drug be lipophilic.35 Hydrophilic drugs are
unable to pass through the lipid matrix. Deep to the epider-
mis lies the dermis, which is largely aqueous. A highly
hydrophobic (lipophilic) compound cannot pass through
this barrier and into the underlying circulation. Hence,
transdermal drugs must be mildly to moderately
lipophilic.35 Fentanyl and related drugs fulfill this criterion,
whereas morphine is significantly less lipid-soluble, making
it unsuitable for transdermal delivery.36

Disruption of the stratum corneum (e.g., wounds, scratch-
es) can significantly alter absorption of transdermal medica-
tions.35 Caution must be taken in clipping animals in
preparation for patch placement, because of the potential for
abrading the skin. Hydration of the stratum corneum also
affects absorption.37 Dermal perfusion can change by a factor
of 100, thereby altering the amount of drug taken up by the
local circulation and distributed to the body.38 Factors affect-
ing dermal perfusion (e.g., body temperature, cardiac output,
oxygenation, etc.) may theoretically influence transdermal
fentanyl absorption. However, it has been demonstrated in
people that cutaneous blood flow is not a significant factor in
the rate of absorption of transdermal fentanyl.39

Even though transdermal delivery bypasses hepatic first-
pass metabolism, cutaneous metabolism may occur.35

Although it has been documented that cutaneous metabo-
lism of fentanyl does not occur in people, similar studies in
animals have not been performed.40 Skin thickness in peo-
ple may affect the rate of uptake of the fentanyl.39 A small
study in four dogs documented a positive correlation
between increased epidermal thickness and the time needed
to attain 0.5 ng/mL plasma fentanyl concentrations
(r2=0.94, P<0.05).5 Epidermal thickness, however, did not
affect peak plasma concentrations or area under the (fentanyl
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absorption) curve between 24 and 72 hours. Therefore, thick
skin may delay the onset of effective plasma levels, but it
probably does not affect peak plasma levels or the amount
of fentanyl delivered. 

A change in body temperature of 3˚C has been shown to
alter plasma levels of fentanyl from transdermal absorption
in people.39 This effect has not yet been investigated in ani-
mals but should be considered in hyperthermic patients.
Overdosage has occurred in people when the patched area
was exposed to a heating pad.39

The effects of mild hypothermia (95˚F) concurrent with
general anesthesia on transdermal fentanyl absorption have
been investigated in dogs and cats.17,18 In both animals, plas-
ma fentanyl concentration decreased compared to baseline in
the hypothermic but not the normothermic groups.17,18

Anesthesia resulted in a significant decrease in plasma con-
centration in the normothermic animals.17,18 There was no
difference between hypothermic and normothermic groups
in regard to the area under the curve for the plasma concen-
trations, and there was no difference between groups in the
amount of decrease in plasma concentration resulting from
general anesthesia.17,18 These results suggested that
hypothermia has an impact on plasma fentanyl concentra-
tions, but the impact seemed to be mild.

The transdermal fentanyl patch system presently in use is
composed of five layers [Figure 1]. The drug reservoir con-
tains 10 mg, 7.5 mg, 5 mg, or 2.5 mg fentanyl mixed with
alcohol and hydroxyethylcellulose. Alcohol enhances fen-
tanyl uptake through the epidermis by approximately 500
times.40 The rate of drug release from the patch is related to
the surface area of the patch exposed to skin (25 µg/hour per
10 cm2). A rate-limiting membrane is responsible for reduc-
ing interindividual variations in skin permeation by up to
50%.37,40 The patch adhesive also contains fentanyl so that
an initial bolus of drug is delivered after placement of the
patch. It is unknown if this initial bolus has any significant
impact on plasma levels in animals. The system must
remain intact. Cutting the patch allows the contents of the
drug reservoir to come into direct contact with the skin, pos-
sibly resulting in a profound overdose.42

Literature Review
A Pubmede search was performed using the search terms
“dog” or “cat” and “transdermal fentanyl.” Other published
journal articles (not cited by PubMed) relating to pharma-
cokinetics, pain management, and anesthesia were also
searched. Studies that compared pain scores between proto-

cols had to satisfy the following criteria for inclusion in this
review: randomization of cases, blinding of observers, and
specification of which pain scoring system was used.
Studies that documented plasma levels had to include the
following data for inclusion in the review: description of
times of sampling, accurate accounting of all samples taken,
description of sample analysis, and use of radioimmunoas-
say methodology.43 Abstracts were not included. 

When necessary, data included in this review were
derived from graphs provided in the publication or from
direct contact with publications’ authors. Mean dosages for
each patch size and species were derived from the literature
by multiplying the number of animals with the mean weight
of the animals to achieve an overall weight for each study.
These overall weights were then totaled together and divid-
ed by the total number of animals for all studies. This pro-
vided the total mean weight. The patch size was then
divided by this total mean weight. This calculation was per-
formed because individual weights were not available for all
animals in all the studies.

Results of Literature Review
Fourteen publications satisfied the selection criteria for this
review. Seven publications dealt with the use of transdermal
fentanyl patches in cats.10-13,15,16,18 Seven publications
evaluated patch use in dogs.5-9,14,17 Six studies evaluated
the analgesic efficacy of transdermal fentanyl.8,9,11-13,15

The results of these studies are summarized in Table 1. 
The location of patch application in dogs varied between

studies and included the lateral thorax (n=3), dorsal thorax
(n=2), dorsal cervical region (n=1), and caudal abdomen
(n=1). In dogs, the application area was cleaned with water
(n=3), with soap (n=2), or not cleaned (n=2). All patches
were covered with a bandage wrapped around the dog and
over the patch, except for one study where the patches were
left uncovered.14

Patches were applied either to the dorsal cervical region
(n=1) or lateral thorax (n=6) of cats. The patch application
area was cleaned with water (n=1) or not cleaned (n=3).
There was no mention of how the patch site was prepared in
three of the feline studies. All patches were covered with a
wrap that encircled the cat.

All cats received 25 µg/hour patches except for one
group of eight animals, which received 25 µg/hour patches
that were only half uncovered.16 The mean dose of fentanyl
received by the cats was 7.29 (range 4.2 to 11.4) µg/kg per
hour for the 25 µg/hour patches. The mean dose could not
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Figure 1—Fentanyl transdermal patch
structure.
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be accurately calculated for cats exposed to half of a 25
µg/hour patch, as it could not be assumed that uncovering
half of the patch resulted in a dose of 12.5 µg/hour.

Dogs received 50, 75, or 100 µg/hour patches. The mean
dosages of fentanyl received by the dogs were 2.77 (range
2.29 to 4.72) µg/kg per hour for 50 µg/hour patches, 3.89
(range 3.77 to 4.14) µg/kg per hour for 75 µg/hour patches,
and 4.55 (range 3.4 to 5.13) µg/kg per hour for 100 µg/hour
patches.

Pharmacokinetic Results in Dogs
The frequently recommended dose for transdermal fentanyl
in the dog is 2 to 4 µg/kg per hour, although the validity of
this recommendation has never been established.44 By
graphing dose versus peak plasma concentration for five
dog studies, it was shown that the highest peak plasma lev-
els were obtained by applying a 100 µg/hour patch to the
caudal abdomen [Figure 2]. The second highest peak plas-
ma concentrations occurred at a dose of approximately 4
µg/kg per hour. The three studies delivering a dosage of 4
µg/kg per hour used different-sized patches, different meth-
ods of skin preparation, and a variety of application sites.
Until future studies investigate the relationship of dose to
peak plasma levels in more depth, a dosage of 4 µg/kg per
hour is recommended for patches applied to the lateral tho-
rax, dorsal cervical region, or caudal abdomen in dogs. Data
from one study were not included because of variables
introduced to the plasma concentrations as a result of the
study design.17

In dogs, plasma fentanyl concentrations as low as 0.6
ng/mL have been correlated with analgesia.9 Dogs with a
mean plasma fentanyl concentration of 1.18 ng/mL also had
clinically appreciable analgesia.8 In the studies reviewed,
six groups of dogs evaluated at 24 hours after patch appli-
cation achieved plasma fentanyl concentrations ≥0.6 ng/mL
[Figure 3]. Only two groups achieved plasma concentra-
tions >1.18 ng/mL at 24 hours following patch application.
In all the dogs, patches were removed at 62 to 72 hours. At
patch removal, plasma concentrations were ≥0.6 ng/mL in
all groups examined and were ≥1.18 ng/mL in one group.17

Based on these results, it appeared that the transdermal fen-
tanyl system accomplished the goal of inducing near steady-
state plasma concentrations in dogs.

In one study in which patches were placed on the caudal
abdomen, dogs achieved markedly higher plasma concen-
trations [Figure 3].12 These results suggested that plasma
levels may vary depending on the site of application. In all
studies reviewed, there were often marked intra- and
interindividual variations in plasma fentanyl concentrations.
This variability may have arisen because of differences in
cutaneous and core body temperatures, vascular perfusion
of the skin, states of hydration, skin integrity at the applica-
tion site, and environmental temperatures.7

Elimination half-life following patch removal has been
reported as 2.5, 3.6, and 1.39 hours in dogs.6,7 In people,
elimination half-life following patch removal has been
reported as between 13 and 25 hours.45,46 The longer elim-
ination half-life following patch removal in people has been

attributed to the presence of a drug depot in the skin.46

Because dogs have a much shorter elimination half-life, a
drug depot may not develop or dogs may metabolize the
drug differently. Plasma levels decreased to <0.6 ng/mL by
a mean of 5.2 hours after patch removal in those canine
study groups that had sufficient data for analysis. 

Pharmacokinetic Results in Cats

In cats, plasma fentanyl concentrations as low as 1.56 to 1.73
ng/mL have correlated well with analgesia.11-13,16 In a study
with a positive correlation between analgesia and plasma
concentrations as low as 0.9 ng/mL, the least detailed pain-
scoring system was used, the transdermal fentanyl protocol
was not compared with any other analgesic protocol, and a
Type II (power) statistical error may have occurred, making
interpretation of the results difficult.16 For these reasons, a
minimum plasma fentanyl concentration of 1.56 ng/mL was
considered more valid. In the studies reviewed for this
report, cats in four of the six groups for which complete data
were available had plasma fentanyl concentrations >1.56
ng/mL at 7 hours after patch application, and one group
attained plasma fentanyl concentrations >1.56 ng/mL at 22
hours after patch application. Three groups remained above
that threshold until the end of 72 hours, and two groups fell
below that threshold at 54 hours postapplication. The group
of cats that received one-half of a 25 µg/hour patch never
reached the threshold of 1.56 ng/mL [Figure 4].

Patches were removed from the cats at 72, 73, or 100
hours. Plasma levels decreased to <1.56 ng/mL in a mean of
4 hours after patch removal in two groups. In one paper by
Egger, et al. that evaluated three groups of cats, elimination
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Figure 2—Dog dose versus peak fentanyl plasma concen-
tration. Note that peak plasma concentration does not rise
in a linear fashion as the dosage increases. The grouping of
high peak plasma concentrations around a dose of 4 µg/kg
per hour suggested this may be the optimum dose for
transdermal fentanyl patches in the dog. The plasma con-
centration marked in blue was obtained in one dog with the
patch placed on the caudal abdomen. (50=50 µg/hour
patch; 75=75 µg/hour patch; 100=100 µg/hour patch.)
Information is derived from previously published data.3-5,7,12

100♦



half-lives were 4.5, 6.1, and 5.1 hours.15 In another paper
that examined plasma levels following patch removal, half-
life could not be calculated because the plasma levels did
not decline appreciably by 20 hours after removal.10 This
latter paper proposed that the cats may have a developed
dermal depot, similar to humans.10 Further investigation is
required before a definitive statement can be made regard-
ing the presence of a dermal depot in cats. 

In only one prior report did the transdermal fentanyl sys-
tem accomplish steady-state plasma concentrations in the
cat.16 In all other papers, the plasma concentration curve
was similar to an injectable drug, with an initial rapid
decline in plasma concentrations and then a slow elimina-
tion.21 The discrepancy between these two sets of results
was difficult to explain, since the first paper had a method-
ology similar to the other publications. 

Analgesic Effects
Two studies evaluated the analgesic effects of transdermal
fentanyl in the dog.8,9 One study compared transdermal fen-
tanyl with epidural morphine in dogs undergoing major
orthopedic procedures, and one study compared transder-
mal fentanyl with oxymorphone in dogs undergoing ovario-
hysterectomy.8,9 Both studies documented higher pain
scores in dogs receiving transdermal fentanyl in the imme-
diate postoperative period (0 to 6 hours) but lower pain
scores at 12 to 18 hours.8,9 Analgesia persisted for the dura-
tion of the studies (72 hours).8,9

Four studies evaluated the analgesic effects of transdermal
fentanyl in the cat.11-13,16 Two studies compared transdermal
fentanyl with butorphanol in cats undergoing elective ony-
chectomy.11,13 One study compared transdermal fentanyl
with ketamine in cats undergoing ovariohysterectomy.12

Another study compared the effects of a 25 µg/hour transder-
mal fentanyl to those of one-half of a 25 µg/hour transdermal
fentanyl patch exposed in cats undergoing ovariohysterecto-
my.16 In one onychectomy paper, no significant difference
was found for pain scores between transdermal fentanyl and
butorphanol.13 In the other report, transdermal fentanyl pro-
duced significantly greater analgesia, although an objective
measurement of lameness did not detect differences between
the two groups.11 In the paper comparing transdermal fen-
tanyl and ketamine, no significant differences were identified
between the study groups.12 The authors attributed their
results to the nature of pain caused by ovariohysterectomy
(i.e., relatively mild, localized, sharp visceral pain).12 In the
paper comparing two transdermal fentanyl systems, there was
no significant difference between the groups for pain scores.
Analgesia persisted for the duration of the studies (40 to 72
hours).16

Adverse Reactions
Bradycardia was reported in five dogs of one study.5 Two
studies reported no significant impact of transdermal fen-
tanyl on temperature, respiratory rate, or heart rate.8,9 One
dog in one study developed bradypnea.5 Other adverse
effects reported in dogs included sedation, anorexia, and
mild to severe skin reactions at the site of application.5-9

Six studies reported no change in respiratory rate follow-
ing patch placement in cats.10-13,15,16 One study reported
hypoventilation concurrent with general anesthesia.18 In
that study, one cat died, presumably from severe respiratory
depression.18 Two studies reported hyperthermia in cats fol-
lowing patch placement.12,13 Five feline studies reported no
unfavorable behavioral effects even in cats weighing as lit-
tle as 2.0 kg.10-13,15,18 Several subjective comments were
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Figure 3—Time versus fentanyl plasma
concentrations in six groups of dogs.
Three transdermal fentanyl patch sizes
were used in the studies (100=100 µg/hour
patch; 75=75 µg/hour patch; 50=50
µg/hour patch). The solid horizontal lines
on the graph represent the minimum (0.6
ng/mL) and mean (1.18 ng/mL) plasma
fentanyl concentrations that have been
shown to be consistent with analgesia. The
two dotted lines represent plasma concen-
trations from dogs where the fentanyl
patch was placed on the caudal
abdomen.12 Information is derived from
previously published data.3-5,7,12



made about euphoria and increased purring in cats that
received transdermal fentanyl patches.10,13 One study
reported dysphoria in cats given 25 µg/hour patches but not
in cats exposed to half of a 25 µg/hour patch.16

Clinical Recommendations
Based on the veterinary literature, the human literature, and
the authors’ experience, several recommendations are
offered for the use of transdermal fentanyl patches. Many
aspects of transdermal fentanyl application have yet to be
explored in small animals, so these recommendations must
be considered as preliminary.

Transdermal fentanyl patches are indicated for use in dogs
and cats believed to be in pain that cannot receive a constant-
rate infusion, but can be monitored and treated for break-
through pain postoperatively. Transdermal fentanyl patches
may also be indicated for animals suffering from chronic
pain, for which a constant-rate infusion is impractical.5-18 A
constant-rate infusion of an opioid is preferable to transder-
mal fentanyl in many cases because of the potential variabil-
ity in uptake of fentanyl from a transdermal patch.5-18

The recommended dosage in dogs is 4 µg/kg per hour.
Because the patch sizes are static, patches can be combined
to approximate 4 µg/kg per hour as closely as possible. Cats
weighing as little as 2.0 kg may have a 25 µg/hour patch
applied.10-13,15,18 Uncovering only half of a 25 µg/hour
patch for small cats is unnecessary, as adverse effects with

small cats have not been well documented, and the plasma
concentrations attained in cats exposed to only half the
patch were subtherapeutic.16 Patches should be applied 24
hours prior to the need for analgesia in dogs and 7 hours
prior in cats.5-18

Patches may be applied to the dorsal or lateral thorax in
both dogs and cats. The pharmacokinetics and pharmacody-
namics of placement of the patch on the distal limb have not
been evaluated, so that location is not recommended. The
area of application is gently clipped without abrading the
skin.b The skin may then be gently washed with water and
allowed to dry.b The patch is applied by holding it against
the skin for 60 seconds, and a light wrap is placed over it. If
the bandage begins to loosen, it should be reinforced. It is
best not to expose patches to sources of external heat.39 Any
animal that becomes hyperthermic should be monitored
closely for opioid overdose.39

Mu-receptor antagonists and partial agonists, such as
butorphanol and buprenorphine, may antagonize the actions
of the fentanyl and should not be administered concurrently
with transdermal fentanyl.47,48 Breakthrough pain may
occur and require treatment with a full mu-agonist such as
injectable fentanyl, morphine, oxymorphone, or hydromor-
phone.9 Patches may be left in place for at least 72 hours in
dogs and cats.5-18 In some cats, plasma levels at 72 hours
may be below analgesic levels.10,15 Whether there is any
benefit to leaving patches on animals >72 hours is unknown.

Once a patch is removed, it may be folded upon itself, cut
while wearing gloves, and flushed down a toilet.34 If a patch
lifts off or appears tattered, it should be replaced. New
patches are placed on a newly prepared area of skin to avoid
irritation at one application site.b No studies have evaluated
chronic, long-term transdermal fentanyl administration or
the pharmacokinetics of repeat patch placement. Hence,
these forms of treatment are left to the discretion of the indi-
vidual veterinarian.

If an animal ingests a patch, it should be monitored for
signs of opioid overdosage. If clinical signs of opioid over-
dosage occur, a long-acting mu-receptor antagonist, such as
naltrexone, is indicated.25 In comparison to naltrexone,
naloxone has a short half-life and may allow renarcotization
if any fentanyl is present at the end of naloxone’s clinical
duration.49 Repeat naloxone administration may be neces-
sary in this instance.

Animals that already have a patch in place and are placed
under general anesthesia require monitoring of their ventila-
tory status through the use of end-tidal carbon dioxide
(CO2) or arterial CO2 sampling in order to detect respirato-
ry depression. Opioids combined with general anesthesia
can produce significant respiratory depression, and one cat
in the reviewed studies purportedly died as a result of this
combination.50

Costs of Treatment

Approximate costs associated with various opioid anal-
gesics used at the University of Georgia are supplied in
Tables 2 and 3 for dogs and cats, respectively. These costs
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Figure 4—Time versus fentanyl plasma concentration in
six groups of cats. All cats receiving a 25 µg/hour trans-
dermal fentanyl patch are denoted by solid circles. One
group was exposed to half of a 25 µg/hour patch. The
solid horizontal line on the graph represents a plasma
fentanyl level of 1.56 ng/mL, which has been correlated
to analgesia. Note that the cats given half of a 25 µg/hour
patch did not achieve plasma levels shown to be consis-
tent with analgesia. Information is derived from previously
published data.8,13,14
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represent the fees paid by the University to acquire the
drugs; they do not represent the cost to the client. The costs
listed for transdermal fentanyl do not include supplemental
analgesics that may be needed in the postoperative period.
Note that the agents listed are also not necessarily equipo-
tent with respect to their induction of analgesia. Because of
the relatively high cost of transdermal fentanyl in compari-
son with other agents, it is recommended that transdermal

fentanyl patches be reserved for selected cases, as noted
above. It may be helpful to perform a similar cost assess-
ment in every hospital, as prices may vary and may affect
recommendations for drug usage.

Conclusion
Transdermal fentanyl patches provide a good option for
treating pain in small animals. There are still many gaps in
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Table 2

Costs Associated With Various Opioid Analgesics Used in Dogs for 3 Days*

10 kg 30 kg
Drug† Body Weight Body Weight

Morphine 0.5 mg/kg IM q 4 h $1 $3

Hydromorphone 0.1 mg/kg IM q 4 h $12 $35
or hydromorphone 0.025 mg/kg per h IV

Buprenorphine 0.01 mg/kg IM q 6 h $12 $37

Fentanyl patch 4 µg/kg per h $21 $55

Butorphanol 0.4 mg/kg IM q 2 h $74 $220

Fentanyl injectable 3 µg/kg per h IV $101 $304

* Costs are in US dollars, as purchased at the University of Georgia
† IM=intramuscularly; IV=intravenously

Table 3

Costs Associated With Various Opioid Analgesics Used in Cats for 3 Days*

2 kg 5 kg
Drug† Body Weight Body Weight

Hydromorphone 0.1 mg/kg IM q 4 h $3 $7
or hydromorphone 0.025 mg/kg per h IV

Buprenorphine 0.01 mg/kg IM q 6 h $3 $6

Fentanyl patch 25 µg/h per cat $13 $13

Butorphanol 0.4 mg/kg IM q 2 h $20 $40

Fentanyl injectable 3 µg/kg per h IV $21 $52

* Costs are in US dollars, as purchased at the University of Georgia
† IM=intramuscularly; IV=intravenously



the clinical knowledge regarding this therapeutic modality,
however. Future investigations may include documentation
of the specific plasma level required to obtain appropriate
analgesia in dogs and cats, identification of variables that
alter the pharmacokinetics of transdermal fentanyl, investi-
gation of the pharmacokinetics of chronic treatment and
repeated placement of patches, determination of the dura-
tion of effective plasma levels following patch placement,
and the development of strategies to maintain plasma levels
at effective concentrations. Expanding the body of informa-
tion available about transdermal fentanyl allows the practic-
ing veterinarian to make more informed clinical decisions
based on the principles of evidence-based medicine.

a Duragesic; Alza Corporation, Janssen Mountain View, CA 94043
b Package Insert; Janssen Pharmaceutica Products LP, Titusville, NJ

08560
c 21 United States Code, Section 801, 01/22/02
d Georgia General Assembly, Unannotated Code 26-4-80.
e Pubmed; U.S. National Library of Medicine, Bethesda, MD 20894
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