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Abstract

Objective To describe adverse reactions and mea-
sure plasma fentanyl concentrations in calves
following administration of a fentanyl transdermal
patch (FTP).

Study design Prospective, experimental clinical
study.

Animals Six female Holstein calves and one male
Angus calf. Four calves were healthy experimental
animals and three calves were clinical patients.

Methods Plasma fentanyl concentrations were
measured in blood collected from a jugular vein.
FTP 2 mg kge1 houre1 and 1 mg kge1 houre1 was
applied to four and three calves, respectively. Heart
rate, respiratory rate, temperature and ataxia were
recorded at the same times as blood collection (0,
2, 4, 6, 12, 24, 36, 48, 60, 72, 84 and 96 hours).
Substance P concentrations were determined via
radioimmunoassay for two calves.

Results After the FTP (2 mg kge1 houre1) appli-
cation, two calves developed tachycardia, hy-
perthermia, excitement and ataxia within 6
hours; no adverse effect was observed in the
other two calves. The three calves administered
FTP (1 mg kge1 houre1) exhibited tachycardia
and excitement, and the FTP were removed at 4
hours. Naloxone was administered to two calves
before the adverse clinical signs ceased, while
adverse events in the other three calves resolved
within 2 hours of FTP removal. Variables

returned to previous baseline values by 2e4
hours after FTP removal. Maximum plasma fen-
tanyl concentrations were variable among calves
(0.726e6.923 ng mLe1). Substance P concen-
trations measured in two calves were not
consistently depressed during FTP application.
Fentanyl concentrations at 4 and 6 hours were
significantly associated with the appearance of
adverse effects.

Conclusions and clinical relevance FTP
(1e2 mg kge1 houre1) administered to calves may
result in adverse behavioral and cardiovascular
effects. Patch removal and treatment with an
opioid antagonist may resolve these adverse ef-
fects. Additional research is needed to determine
optimal FTP dosing for cattle.

Keywords adverse event, calf, fentanyl, fentanyl
transdermal patch.

Introduction

Analgesia for cattle during surgical procedures is
important for promoting animal welfare. While cattle
are commonly subjected to potentially painful pro-
duction procedures and nonroutine surgeries, prac-
titioners have limited options for pain management
since there are currently no drugs labeled for surgical
pain in cattle in the US (Smith 2013). Additionally,
there are very few reports of adverse effects of long-
acting analgesics, such as fentanyl transdermal
patches (FTP), in cattle.
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Fentanyl is a m-opioid agonist having a short
duration of action when administered as a single
intravenous bolus. For long-term analgesia, FTP have
been developed for humans and have been used in
many veterinary species. Adverse effects described in
large animal species include sedation in sheep
(Christou et al. 2015), vocalization (bleating) and
excitement in goats (Carroll et al. 1999) and
increased locomotor responses in horses (Wetmore
et al. 2016). The only reported adverse effects of
FTP in cattle are mydriasis, nystagmus, increased
locomotor activity, vocalization, myoclonus of the
tail, hyperesponsiveness and hyperthermia which are
described in one case describing administration of a
FTP and concurrent morphine epidural in a calf
(Marchionatti et al. 2015). The effects of FTP as a sole
opioid in cattle have not been investigated at this
time.
The purpose of this study was to describe the effects

of FTP placement on calves and to generate con-
centration versus time data for FTP use in this species.
The hypothesis of this study was that the observed
effects would be mild and consistent with those re-
ported in other large animal species and to record any
differences in adverse effects between healthy ani-
mals and animals with clinical disease.

Materials and methods

This study was approved by the Animal Care and Use
Committee of Iowa State University (protocols 6-16-
8301, 7-16-8318). Two studies were initiated, one
utilizing healthy calves from the university dairy and
a second enrolling client-owned animals presented to
the Iowa State University Food Animal and Camelid
Hospital under informed consent.
Six female Holstein calves aged 3e4 weeks and

weighing 52.9 ± 5.2 kg (mean ± standard deviation)
and one male Angus calf, aged 16 weeks and
weighing 171.0 kg, were studied. All calves were
individually housed in a climate-controlled facility. A
catheter (MILACATH-EU; MILA International Inc.,
KY, USA) was placed in a jugular vein for blood
collection. FTP (Fentanyl Transdermal System;
Mylan Pharmaceuticals Inc., WV, USA) dosing was
initially 2 mg kge1 houre1. After adverse reactions
were observed in two calves, the dose was reduced to

1 mg kge1 houre1 and rounded to the nearest whole
patch (Fig. S1, online). The hair was clipped and skin
prepped with chlorhexidine and alcohol and allowed
to dry prior to patch placement. Patches were lightly
wrapped as described for sheep (Christou et al. 2015).
Heart (HR) and respiratory rates (fR) were

measured by thoracic auscultation and rectal
temperature (RT) using a lubricated digital ther-
mometer (VetOne, ID, USA). These variables and
ambulatory status were monitored at a minimum of
every other hour for the 96 hour duration of the
study. Adverse effects were defined as any deviations
from accepted HR and fR ranges and behavior. Blood
samples were collected before (0) and 2, 4, 6, 12, 24,
36, 48, 60, 72, 84 and 96 hours after application.
The FTP was to be removed at 72 hours after appli-
cation. In the event that an adverse effect was noted
and deemed deleterious to animal health by the
attending veterinarian, the FTP was removed.
Blood (10 mL) was collected from the catheter,

after a scavenged sample was discarded, using a sy-
ringe and placed into sodium heparin tubes (Vacu-
tainer; Becton Dickinson & Co., NJ, USA). The
catheters were flushed with 5 mL of heparinized sa-
line (1000 U Le1; Heparin Sodium in 0.9% Sodium
Chloride Injection; Baxter Healthcare Corp., IL, USA)
after each use. Analysis of fentanyl concentrations
was performed as described (Smith et al. 2018). The
samples were centrifuged at 300 g for 10 minutes.
Plasma was stored at e80 �C until analysis of plasma
concentrations of fentanyl and two metabolites,
norfentanyl and despropionyl fentanyl. Samples were
thawed and vortexed and 200 mL aliquots were
transferred into a vial with 800 mL of internal stan-
dard, fentanyl-D5, in acetonitrile with 0.1% formic
acid added. Samples were vortexed and then centri-
fuged at 4402 g for 20 minutes. The supernatant was
transferred and the samples were dried, then recon-
stituted in 125 mL of 25% acetonitrile in water, vor-
texed and transferred into an autosampler vial (with
glass insert), centrifuged for 20 minutes at 768 g and
analyzed using high performance liquid chromatog-
raphy (Agilent 1100; Agilent Technologies, CA, USA)
coupled to a Thermo LTQ ion trap mass spectrometer
(Thermo Scientific, CA, USA). The lower limit of
quantification for fentanyl and the metabolites was

Figure 1 Plasma fentanyl concentrations in seven calves, six Holstein heifers weighing 52.9 ± 5.2 kg and one male Angus
weighing 171.0 kg, after application of a fentanyl transdermal patch (FTP). (a) Calves 3 and 4 (FTP 2 mg kge1 houre1) with
severe adverse reactions; (b) calves 5e7 (FTP 1 mg kge1 houre1) with mild adverse reactions; and (c) calves 1 and 2 (FTP
2 mg kge1 houre1) with no adverse reactions.
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0.03 ng mLe1 for this assay. Substance P was
measured using radioimmunoassay.

Statistical analysis

Based on the occurrence and severity of adverse
events observed in calves, three study groups were
retrospectively defined: 1) severe adverse reactions
with increases in physiologic variables and re-
cumbency (group SA); 2) mild adverse reactions with
increases in physiologic variables (group MA); and 3)
no adverse reactions (group NA). Plasma fentanyl
concentrations at the time of adverse reactions
among SA, MA and NA were compared using a
Wilcoxon rank-sum test in R Version 3.3.2 (R
Foundation, Austria). A p value < 0.05 was consid-
ered statistically significant.

Results

The first two calves were clinical patients. An FTP
(2.0 mg kge1 houre1) was placed 12 hours before
an arthrotomy. Additional drugs administered were
meloxicam (1 mg kge1; ZyGenerics, India) orally
and daily and florfenicol (20 mg kge1; Nuflor;
Merck Animal Health, NJ, USA) intramuscularly
(IM) every 48 hours. No adverse events were noted
(Table S1, online). The maximum plasma fentanyl
concentration at 36 hours was 0.859 ng mLe1 in
calf 1 and 6.92 ng mLe1 in calf 2 (Fig. 1). A non-
compartmental pharmacokinetic analysis of fenta-
nyl and plasma substance P concentrations for
calves 1 and 2 are reported (Table S2 & Fig. S2,
online). Substance P values were variable amongst
these calves. An initial depression was noted, but
values for both calves increased while FTPs were
applied.
FTP (2 mg kge1 houre1) was administered to calves

3 and 4. Severe adverse events were noted (Table S1,
online). Calf 3 was a healthy calf aged 27 days. At 5
hours after FTP application, the calf developed ataxia
progressing to recumbency and excessive vocaliza-
tion (Video S1, online). At 6 hours, HR was 210 beats
minutee1, fR was 72 breaths minutee1 and RT was
40.5 �C. The patch was removed at this time, and
naloxone (total 0.12 mg; Naloxone HCl; Hospira Inc.,
IL, USA) was administered intravenously (IV). Clin-
ical signs were normal by 2 hours after patch
removal. Plasma fentanyl concentration was
3.29 ng mLe1 at the time of patch removal.
Calf 4 was a male calf aged 120 days-old and

presented for a nonresolving septic radiocarpal

joint of 2 months duration. The calf underwent a
radiocarpal joint curettage procedure for ankylosis.
The FTP was applied before surgery and was
removed 10 hours later when the calf exhibited
tachycardia (180 beats minutee1), hyperthermia
(40 �C), pacing and excessive vocalization. Plasma
fentanyl concentration at this time was
5.52 ng mLe1. Naloxone was administered IV, and
physiologic variables and behavior returned to
normal within 2 hours.
The FTP dose for calves 5e7 was decreased to

1 mg kge1 houre1. Mild adverse reactions (MA) were
observed but did not include recumbency (Table S1,
online). The calves were all healthy calves, aged
3e4 weeks. Tachycardia (174, 180 and 196 beats
minutee1 for calves 5, 6, and 7, respectively) were
recorded at 4 hours after patch application, with
excitement and increased vocalization; therefore, FTP
were removed. At this time, plasma fentanyl con-
centrations for these calves were 0.73, 1.26 and
0.78 mg kge1 houre1, respectively. No concentra-
tions of fentanyl metabolites were detected in any
blood sample.
After adverse effects were noted in the calves

5e7, the study was terminated for animal safety
concerns. No long-term effects were observed in the
calves that were not attributable to the underlying
presentation, and all were healthy � 6 months after
the study. At the time of onset of adverse reactions
(4e6 hours for all calves), the group plasma fenta-
nyl concentrations were 1.85 ± 0.77, 0.92 ± 0.29
and 0.073 ± 0.038 ng mLe1 at 4 hours and
2.27 ± 1.44, 0.41 ± 0.17 and 0.072 ± 0.031 ng
mLe1 at 6 hours for SA, MA and NA, respectively
(Fig. S3, online). Pooled 4 and 6 hour fentanyl
concentrations were significantly different for SA
versus NA (p ¼ 0.03), MA versus NA (p < 0.01) and
SA versus MA (p ¼ 0.02).

Discussion

Most publications regarding peculiar behaviors
associated with fentanyl have been in goats. Dzikiti
et al. (2011) found that goats display tail wagging
in response to high- and low-dose fentanyl infusions.
Activity increases have been noted in horses and
goats (Dzikiti et al. 2011; Wetmore et al. 2016).
Increased excitatory behaviors post-IV infusion,
including star-gazing, itchiness, restlessness, paddling
and bruxism, have been noted in goats (Dzikiti et al.
2016). By contrast, sheep were moderately sedated
after FTP application (Christou et al. 2015).
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Wide variations were noted in plasma fentanyl
concentrations between calves. Factors that could
have contributed to this include presence of disease
and/or pain. It is not entirely clear as to why some
calves had adverse effects and some calves did not.
Interestingly, calves exhibiting adverse reactions
also had high fentanyl plasma concentrations
shortly after patch application, with a pattern
resembling a ‘burst’ absorption into the systemic
circulation. Conversely, calves with no adverse re-
actions had a more prolonged absorption of fentanyl
in plasma, typical of extended release formulations.
As both calves that exhibited no reactions had
concurrent disease, and were administered other
medications, it is possible that disease altered fen-
tanyl metabolism, or a potential drugedrug inter-
action occurred. Disease and disease severity have
been shown to alter drug pharmacokinetics in Hol-
stein cattle, an example being the elimination of
oxytetracycline based on metritis severity (Gorden
et al. 2016). It has also been suggested that the
risk of adverse effects to opioids is inversely related
to the clinical disease or pain that the patient is
experiencing (Muir 1981; Clutton 2010). This could
be partially supported by this project, as two of the
three calves with no observed adverse effects had
pain from surgery as well as clinical disease, while
all of the calves that were healthy experienced
adverse effects. However, calf 4 would not support
this, as this was a clinical case. A polymorphism of
the G57C fentanyl opioid receptor has been identi-
fied in horses that leads to increased locomotor ac-
tivity when administered fentanyl (Wetmore et al.
2016). It is currently unknown if cattle possess a
similar polymorphism.
Limitations of this study include a small sample size

and limited breed representation. The adverse effects
noted were not anticipated; therefore, the authors
deemed it prudent to decrease the patch dose from
2 mg kge1 houre1 to 1 mg kge1 houre1. After addi-
tional effects were observed, the decision was made to
pause the study until more information could be
assessed. Recording of physiological variables was
limited and established at sample collection time
points; therefore, it is possible that adverse effects
could have been present for up to 90 minutes before
being recorded and that other cardiopulmonary ef-
fects could have gone unnoticed. Additionally, more
research is needed on the analgesic effects of fentanyl
in calves including behavior, appetite, as well as pain
biomarkers such as substance P.

In conclusion, fentanyl administered via FTP
resulted in adverse effects in calves manifested by
hyperthermia, tachycardia, tachypnea, recumbency,
vocalization and increased locomotor response. These
reactions were reversed by naloxone and/or FTP
removal. Healthy calves may be more likely to display
adverse effects of opioids as opposed to calves with
clinical disease, although more research is necessary
to investigate this further. Clinicians should exercise
prudent judgment when utilizing FTP for calves,
considering dosages below 1 mg kge1 houre1 while
realizing that the analgesic effects of fentanyl in cattle
is currently unknown and should monitor these
calves closely for adverse reactions.
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Figure S1. Timeline.
Tables S1eS3 & Figures S2, S3. Additional data

from individual calves and pooled 4 and 6 hour fen-
tanyl concentrations by group.
Video Clip S1. Abnormal behavior in one calf.
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