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Abstract - The purpose of this research was to compare the effectiveness of ring block anesthesia
(LA) and electroanesthesia (EA) for antler removal in elk given a long-acting tranquilizer to
remove stress from restraint. Thirty-two male wapiti were given 1 mg/kg body weight of
zuclopenthixol acetate; the next day, they were restrained in a hydraulic chute, provided with
electroanesthesia or a lidocaine ring block, and had their antlers removed. Behavioral response to
antler removal was scored. Significantly more (P = 0.032) animals responded to antler removal in
the EA group. Heart rates and arterial pressures were measured by a catheter connected to a phys-
iological monitor. Heart rate increased significantly over time with EA, but not with LA. Heart
rate increased from baseline significantly more in the EA group immediately prior to antler
removal (P = 0.017), immediately post antler removal (P = 0.001), and at 1 min post antler
removal (P = 0.037). It was concluded that EA is not as effective a method of anesthesia as is LA for
antler removal.

Resume - Comparaison des techniques analgesiques lors de I'ablation des bois chez le
wapiti. Le but de cette recherche etait de comparer l'efficacite d'une anesthesie locale autour de la
come (AL) a l'electroanesthesie (EA) lors de 1'ablation des bois chez des wapitis ayant re,u un tran-
quillisant a action prolongee afin de diminuer le stress relie a la contention. Trente-deux wapitis males
ont requ 1 mg/kg de poids corporel d'acetate de zyclopenthixol; le jour suivant, ils ont ete immobilises
dans un corridor hydrolique a contention, ils ont recu une electroanesthesie ou une anesthesie locale
a la lidocaine et l'ablation des bois a ete effectuee. La reponse comportementale a l'ablation des bois
a 'te cotee. Significativement plus d'animaux (P = 0,032) ont repondu a l'ablation des bois chez le
groupe EA. La frequence cardiaque (FC) et la pression arterielle ont ete mesurees 'a l'aide d'un catheter
relie a un moniteur physiologique. La FC a augmente significativement avec le temps pour 1'EA mais
non pour 1'AL. A partir de la ligne de base, la FC a augmente significativement plus chez le
groupe EA juste avant l'ablation des bois (P = 0,017), immediatement apres (P = 0,001) et une minute
plus tard (P = 0,037). I1 a ete conclu que 1'EA n'est pas une methode d'anesthesie aussi efficace que
I'AL pour l'ablation des bois.

(Traduit par Docteur Andre Blouin)
Can Vet J 2001;42:929-935

Introduction
A ntler removal from farmed elk for commercial pur-

oses is now an established agricultural practice in
most of North America. In 2000, an estimated 70 tonnes
of antler was harvested from Canadian red deer and
wapiti (personal communication, I. Thorleifson, Executive
Director, Canadian Venison Council) for export to Asia
for the practice of Traditional Chinese Medicine and
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for an expanding North American nutraceutical mar-
ket. Antler is harvested typically during the annual
growth phase, when it consists of well vascularized and
innervated cartilaginous tissue rather than the highly
mineralized hard bone of mature antler (1).
Growing antlers possess sensory innervation, which

has been well described in the literature (2-4). The
careful manner in which animals protect velvet antlers
from striking objects and obstacles in the environment,
and the persistent rubbing of calcifying antler at velvet
shedding indicate that an animal has the ability to per-
ceive pain and sensation from its antlers throughout
the growth phase. Interruption of the nerve supply to the
antler makes the antler prone to injury through loss of
spatial awareness and sensation, and results in its dam-
age (2,5). Procedures for antler removal have been
shown to be aversive (6), and controlled experiments on
techniques for antler removal clearly indicate the need
for analgesia (7-10). Various techniques for achiev-
ing anesthesia of the growing antler have been described
(4,10,1 1). The most reliable and widely used technique
is the ring block, which requires bilateral, circumferential
SC injections of lidocaine hydrochloride at the base of
the antler pedicle (10).
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Figure 1. Time-line drawing showing antler removal events with heart rate and blood pressure data points (T).

The potential for local anesthetic drug residues in
antler intended for health conscious consumers has
been of concern to velvet antler producers and mar-
keters. Canadian regulations require a 5-day withdrawal
period for lidocaine products used in food animals.
Consequently, there has been increased interest in the elk
industry in the use of nonchemical means of inducing
analgesia (12,13).
The use of electroanesthesia has become widespread in

the North American elk industry (14). Electroanesthesia,
also known as transcutaneous electrical nerve stimula-
tion (TENS), is an analgesic treatment used to rehabil-
itate musculoskeletal injuries and alleviate various
types of pain in humans and as a method of analgesia in
human dentistry (15-18).
The objective of the study was to compare and eval-

uate the effectiveness of local lidocaine ringblock anes-
thesia (LA) and electroanesthesia (EA). Previous
Canadian studies investigating the relative effectiveness
of analgesic methods used for antler removal were
equivocal due to problems in separating experimental
effects from background physiological effects created by
fear and stress (19,20). In these studies, the pain of
antler removal could not easily be distinguished from the
"flight or fight" reaction caused by being touched or han-
dled. Conversely, the effect of the anesthetic techniques
that were used could not be separated from that of the
endorphin release or the dissociative effects seen with
extreme fear resulting from physical restraint and han-
dling. In fact, Stookey et al concluded that no difference
could be seen between EA, LA, and a control group in
which anesthesia was not used. They postulated that this
must be "due to psychological factors influencing the
experience or expression of pain in the experimental ani-
mals" (19). The present study attempted to remove
most of the background effects of stress caused by han-
dling through the administration of zuclopenthixol
acetate, a long-acting tranquilizer shown to be effective
for that purpose (21).

Material and methods
The animals used in the study belonged to Manitoba
Agriculture and were maintained on a farm in southern
Manitoba with other privately owned wapiti. The
study protocol was approved by the University of
Saskatchewan Committee on Animal Care. Thirty-two,
2- or 3-year-old, male wapiti were available for the

study, which took place during the first week of
July 2000.
On day 1, each animal was moved through a handling

system (NV Elk Modular Handling System; Bateman,
Saskatchewan) and held in a hydraulic squeeze chute
(Kiwi Elk System; Wildwood, Alberta) for identification
and the administration of long-acting tranquilizer. Each
animal was randomly assigned to a treatment group
prior to processing. Animal identification and the cir-
cumference of the antler pedicle were recorded, body
weight (BW) was estimated, and each animal was given
1 mg/kg of estimated BW of zuclopenthixol acetate
(Clopixol Acuphase; Lundbeck Canada, Montreal,
Quebec), 50 mg/mL, IM, into a hind limb.
On day 2, each animal was brought into the hydraulic

chute and restrained for antler removal. A halter was fit-
ted to the animal and ropes attached to the D-rings of the
halter nosepiece were tied down to cleats on the chute,
preventing head tossing during the procedure. A 22-gauge
Teflon catheter (Surflo IV catheter; Terumo Medical,
Elkton, Maryland, USA) was placed in the left or right
medial auricular artery and secured with cyanoacry-
late cement (Krazy Glue; Elmer's Products Canada,
Brampton, Ontario) and tape. This arterial catheter was
connected to a pressure transducer via noncompliant plas-
tic tubing filled with heparinized saline. The trans-
ducer was joined to a physiological monitor (Propaq 400;
Protocol Systems, Beaverton, Oregon, USA) to measure
direct arterial pressures and heart rate.
Depending on its treatment group assignment, each

animal was provided with either EA or LA prior to
antler removal. Electroanesthesia was induced by
Baumann, who is well experienced in this practice,
using a commercially available electroanesthesia unit
(Vet EA, Grant, Minnesota, USA). An alligator style
electrode clip was placed firmly on the rostral margin of
each ear where it reflects onto the head. The electrode
clips were plugged into the EA unit and the current
applied in an incremental fashion according to a cali-
brated dial on the unit. Beginning at dial setting 1, the
amount of current to the electrodes was increased by
increments of 0.5 units until the operator, using obser-
vation of body and head movement, and ear and eyelid
positioning, judged that analgesia was sufficient for
antler removal and that the animal would tolerate no fur-
ther increase in intensity. Criteria for assessing anesthetic
effect of the EA application were subjective. Increases
in electrical current were accompanied by progressive
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Figure 2. Mean behavioral response (pain) score results using
lidocaine anesthesia (LA) n = 16 or electroanesthesia (EA)
n = 16 to induce antler anesthesia in wapiti. Error bars show
standard error of the mean.

Figure 4. Comparison of systolic arterial pressure in elk
given electroanesthesia (EA) and lidocaine anesthesia (LA) for
pain relief during antler removal. T1 - preanesthesia, T2
during administration of anesthesia, T3 -4 min postadmin-
istration of anesthesia, T4- immediately after antler removal,
T5 -1 min after antler removal, T6 -2 min after antler
removal, T7 -3 min after antler removal. Arterial pressures
were significantly higher for EA than LA at specific times dur-
ing antler removal and are indicated by (*). Error bars show
standard error of the mean.

downward and caudal deflection of the ears, and the eye-
lids progressively drooped. The endpoint intensity of the
EA was judged to have been reached when any attempt
at increasing the current caused the animal to strug-
gle. The intensity settings for each animal were not
recorded, but most animals tolerated dial settings of
2.5 to 3.5. Electroanesthesia was applied to each animal
in the treatment group for a standard 4 min prior to
antler removal, and throughout the actual amputation.

Local anesthesia was administered by a single inves-
tigator (Woodbury) using lidocaine (Xylocaine 2%;
Astra Pharma, Mississauga, Ontario), 20 mg/mL, in a

ringblock technique. Lidocaine (1.2 mL/cm of pedicle
circumference) was injected, SC, in an overlapping
manner to encircle the base of the antler pedicle. A

Figure 3. Comparison of heart rates in elk given electroanes-
thesia (EA) and lidocaine anesthesia (LA) for pain relief dur-
ing antler removal. T1 - preanesthesia, T2- during admin-
istration of anesthesia, T3 - 4 min postadministration of
anesthesia, T4- immediately after antler removal, T5- 1 min
after antler removal, T6 - 2 min after antler removal,
T7- 3 min after antler removal. Heart rates were significantly
higher for EA than LA at specific times during antler removal
and are indicated by (*). Error bars show standard error of the
mean.

standard 4 min was allowed to pass prior to antler
amputation.

Hemostasis was maintained with a tourniquet made
from surgical tubing, placed tightly around each pedicle
immediately after the waiting period and before antler
removal. This particular time was deliberately chosen to
preclude any anesthesia due to compression effects of the
tourniquet, as reported by Matthews (13). All tourniquets
remained in place for approximately 5 min after antler
removal and before the animals were turned out into a
10-acre observation paddock.
Antlers were removed with a coarse steel saw

(9 teeth/2.5 cm) approximately 3 cm distal to the coro-
net, or the antler-pedicle junction. Behavioral response
scores were used to quantify the reaction of the wapiti to
antler removal according to Wilson et al (10) (Table 1).
Scores were 0 = no movement, 1 = slight head move-
ment, flinch, 2 = head movement or shake, moderate
avoidance of the saw, 3 = whole body struggle, "flight
response." A behavioral response to antler removal
implies that the animal is experiencing pain; the higher
the response score, the more painful the experience.
Subjects were later more broadly grouped into "non-
responders" (score = 0) and "responders" (scores 1-3)
for analysis. Scores were estimated and recorded during
antler removal by a neutral third party attending for
that purpose. The obvious presence or absence of the EA
device during antler removal did not allow blinding to the
analgesic method.
The arterial catheter was used to measure direct arte-

rial pressure and heart rate. Baseline measurements of
each parameter were taken prior to application of the
analgesic treatment (TI); during the administration of
analgesia (T2); 4 min after analgesia, immediately prior
to antler removal (T3); immediately after antler ampu-
tation (T4); and at 1 (T5), 2 (T6), and 3 min (T7) after
antler removal (Figure 1). Increases in heart rate and
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Table 1. Behavioral response scores used to quantify reaction to antler
removal using lidocaine anesthesia (LA) n = 16 or electroanesthesia (EA) n = 16
to induce antler anesthesia in wapiti

Lidocaine anesthesia Electroanesthesia

Scorea L antler R antler L antler R antler

0- no movement 11/16 11/16 2/16 2/16
1 - slight head movement, flinch 2/16 1/16 9/16 9/16
2 - head movement or shake,

moderate avoidance by head
movement only 1/16 2/16 3/16 3/16

3 - whole body struggle, "flight response" 2/16 2/16 2/16 2/16

L -left; R- right
aWilson et al (10)

blood pressure are used as evidence of a sympathetic ner-
vous system response to pain experienced due to antler
removal. Blood was drawn from the arterial catheter prior
to analgesia and at 3 min after amputation for analysis
of serum cortisol. It was allowed to clot at room tem-
perature and placed on ice for transport to a veterinary
laboratory where cortisol analysis was performed.

Statistical analysis and graph generation was per-
formed by using specific statistical computer software
(Prism v. 3.0; GraphPad Software, San Diego, California,
USA). The significance level for all analyses was set at
P < 0.05. Behavior scores were compared as follows:
animals that demonstrated behavioral response to antler
removal were classified as "responders," animals that did
not demonstrate a response were called "nonrespon-
ders." These were grouped by treatment and compared
with a Fisher's exact test. Changes in heart rate (HR) and
systolic arterial pressures (SAP) were determined by sub-
tracting the baseline heart rate from the heart rate at each
subsequent measurement. A positive value indicated
an increase in heart rate or arterial pressure at that time.
The changes in heart rate and arterial pressure were
compared between treatments with a paired t-test. One-
way analysis of variance for repeated measures was
used to compare HR and SAP over time. A Bonferroni
multiple comparison test was used to determine where
differences occurred (22). Mean pre- and postantler
removal serum cortisol values were also compared by
using a paired t-test.

Results
The result of administration of zuclopenthixol acetate was
similar to that reported by Read et al (21). All animals
were reasonably alert and sensitive to handling pressure
at the time of experimentation but lacking in the usual
alarm or sympathetic response to human touch. At no
time was a panic response detected during handling or
antler removal.
The mean pedicle circumference in the LA group

was 20.1 ± 1.9 cm and the mean estimated volume of
lidocaine needed for a ring block of both pedicles at
1.2 mL/cm was 40.2 ± 3.9 mL. In practice, the amount
of lidocaine needed to complete the individual ring
block varied, some animals needing more and others less
than the estimated dose. The mean total volume of lidocaine
used to anesthetize both antlers was 48.0 ± 9.27 mL.

The intensity of EA applied to each animal to
achieve the behavioral and physical signs of local anes-
thesia also varied. Although individual settings were
not recorded, in each case there was an end point cor-
responding to a dial setting of approximately 3.0, where
further increase was not tolerated by any animal.
Momentary aversive movements and a brief struggle
occurred when EA intensity was increased to a new
level, and persistent movement occurred whenever the
animal's threshold level was reached, preventing further
increases.

Behavioral response scores for each antler following
LA or EA during antler removal are shown in Table 1.
No response was observed in 11/16 lidocaine-treated ani-
mals and in 2/16 EA-treated animals. A significantly
greater (P = 0.011) number of animals in the EA group
were responders, demonstrating behavior indicative of
pain during antler removal.

Heart rates did not change significantly from baseline
values over time with the LA group, but increased sig-
nificantly over time with EA (Figure 3). The significant
increases occurred after the 4-minute postanesthesia
waiting period (T3) (P < 0.01) and immediately after
antler removal (T4) (P < 0.01). Heart rates increased
from baseline (T1) throughout the application of anes-
thesia and after antler removal for those animals given
EA but not for those given LA (Figure 3).
Comparison of heart rate differences from baseline

between EA and LA at each stage of the antler removal
procedure revealed significantly higher heart rates in the
EA group immediately prior to antler removal (T3)
(P = 0.017), immediately after antler removal (T4)
(P = 0.001), and at 1 min after antler removal (T5)
(P = 0.037) (Figure 3).

Systolic blood pressure did not change significantly
from baseline values over the experimental period in
either group, but the trend was to see greater systolic arte-
rial pressure (SAP) changes with EA (P = 0.438) than
with LA (P = 0.081). When the change from baseline
value was compared at specific times, the magnitude of
arterial pressure increase was significantly greater in the
EA than in the LA group after the 4-min analgesic
induction period (T3) (P = 0.015) and at 1 min after antler
removal (TO) (P = 0.038) (Figure 4).

There was no significant difference between pre or
post antler removal serum cortisol levels either within
groups or between groups.
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Discussion
Previous studies evaluating the effectiveness of anesthetic
techniques used for antler removal reported difficulty in
separating the stress response resulting from animal
handling and restraint from that resulting from pain
associated with antler removal (7,8,10,20,23). Read et
al (21) demonstrated the usefulness of zuclopenthixol
acetate for reducing the stress of handling. We believe
that similar results were obtained in the present study.
Animals were observed at rest in sternal recumbency in
the modular handling system, some of them eructat-
ing. Animals cautiously entered the squeeze, but once
restrained, permitted the placement of arterial catheters
and movement around the head without struggle. Upon
release, the animals exited the squeeze in the usual
manner without showing any signs of heavy sedation. We
are confident that our data reflect the effects of antler
removal and not the fear associated with handling and
restraint. The administration of this drug unmasked the
physiological response to antler removal and mini-
mized the background stress of handling, restraint, and
experimental manipulation.

In human medicine, electroanesthsia is more com-
monly called transcutaneous electrical nerve stimulation
(TENS). In theory, it exerts pain control through selec-
tive stimulation of certain nerve fibers that block the sig-
nals carrying pain impulses to the brain. This is known
as the "gate control theory" of pain control (15).
The EA unit works by transmission of pulses from

an electrical stimulus generator powered by a single
9-volt battery to electrodes or clips strategically placed
on the skin of the subject. The pulses can be positive
or negative (monophasic) or bipolar (biphasic) and
are of various shapes. The frequency of the pulse
generation can be controlled and it is generally set at
80 to 120 cycles/s (Hz) for control of acute pain (15).
Pulse width, or duration, is the time the current acts
during each pulse and is measured in microseconds
(,us). Electroanesthesia units are generally set at 50 to
400 ,us (15). The intensity, or amplitude, of the current
varies from 1 to 100 mA. Matthews et al (12) reported
that the output of the Vet EA device used in their
study had a pulse width of 260 us, a frequency of
120 Hz, and an intensity of 0-60 mA depending on a dial
setting from 1-7 units. The mA intensities used in our
experiment were adjusted by an experienced EA oper-
ator until the desired effect was observed, but the actual
electrical outputs at the endpoint of anesthesia were
not measured.

Electroanesthesia, or TENS, has some history of suc-
cess for minor procedures in human dentistry and for
treating chronic pain in humans. In most instances, the
circumstances of TENS use is highly controlled, and
patient feedback is used to make necessary adjustments
to block pain (15-18). These circumstances are difficult
to create in an on-farm antler removal procedure and
where large numbers of animals must be processed.

While it was not our intention to evaluate the effect of
EA application itself, but only to assess its effectiveness
against traditional lidocaine anesthesia in antler removal
applications, examination of the methodology used in this
experiment reveals that the onset of EA is painful in most

animals. This is shown by increased heart rate and sys-
tolic blood pressure measurements at the time of appli-
cation of analgesia. The significant increase in those para-
meters from baseline or resting values in the EA but not
the LA group, and the significant difference in the mag-
nitude of change at the point of application indicates that
the application of EA causes significant physiological
reaction, whereas the injection of LA does not. This
assertion is supported by the observation that there was
often flinching and avoidance movement by the animal
each time the EA intensity was adjusted upward. The
observation that EA causes discomfort was also reported
by Matthews et al (12).
The behavioral response scores also demonstrated a

difference between EA and LA (Figure 2). Graphing the
data shows the differences in mean behavior scores for
left and right antlers in both groups. There was an equal
number of clearly inadequate applications of anesthesia
in each group, causing maximum behavior scores to
be assessed (Table 1). A similar rate of apparent anes-
thetic failure with lidocaine application (8%) was
reported by Matthews et al (8) and Wilson et al (10), who
attributed this to nonspecific reaction due to saw cut
vibration or reaction to being touched around the head
rather than to inadequate anesthesia. Other possibilities
are individual variation in drug response to lidocaine and
human performance error. However, overall, there were
fewer zero response scores in the EA group compared
with the LA group. The EA group of animals often
responded to the use of the saw, whereas the LA group
did not, showing a clear difference in the results obtained
by the 2 anesthetic methods. This indicates that LA is
superior to EA for providing analgesia to the antler. It
also shows that antler removal under EA is frequently a
painful event. Matthews et al (12) also used behavioral
observation to evaluate the use of EA for antler removal
and concluded that in no instance did EA completely pro-
tect the animal from pain and, in many cases, provided
very little analgesia.

Changes in heart rates have been used as an indicator
of stress resulting from both handling and antler removal
in red deer (23). Matthews and Cook (7) and Stookey et
al (20) suggested that the actual experience of han-
dling and restraint was as stressful to red deer as was
antler removal. The separation of the response caused by
antler removal pain from that caused by fear during
handling in those studies proved to be difficult. Since
zuclopenthixol was given to our subjects to relieve
anxiety and stress, we believe that any increase in heart
rates or blood pressures must be due to pain. The LA
group showed no significant increase in heart rate over
the experimental period, indicating the absence of pain
from the injection of local anesthetic solution as well as
the saw incision. In contrast, a significant increase in
heart rate over time in the EA group signalled a sym-
pathetic system response from experiencing pain. The dif-
ferences in heart rate increase suggests that LA is supe-
rior to EA in providing analgesia during antler removal.
The increase in heart rates from baseline rates

were significantly higher in EA animals than in
LA animals at key points during the antler removal
procedure (Figure 3). A comparison of the methods
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shows significant differences at induction of anesthesia
(T2), at antler removal (T4), and at 1 min post removal
(T5). These findings suggest that LA offers superior
analgesia to that created by EA at the actual point of
antler removal.

Neither group showed a statistically significant
increase in arterial pressure over time, but the observed
increase was largest in the EA group. This observa-
tion suggests that there is some difference in the analgesic
methods, and that lidocaine analgesia gives superior
overall results.
Comparing the SAP at specific points in the antler

removal process permits observations to be made about
the pain protection provided by EA and LA at those times
(Figure 4). The significant increase in systolic blood pres-
sure in EA over LA after 4 min of analgesia induction
(T2) is an indication that the application of EA causes
more discomfort than that of LA. Likewise, the signif-
icant increase in systolic blood pressure in EA over
LA at 1 min after antler removal (T5) indicates that
EA affords less pain protection than does LA in the
period immediately after antler removal.

There is a strong conviction among veterinarians
from Australia and New Zealand, where antler removal
techniques were first introduced, that this procedure
must be done under humane circumstances and that
not to do so would be jeopardizing the velvet antler
industry internationally (9, 24). Presently, the only uni-
versally accepted form of pain control for amputating
antlers from animals not under general anesthesia is
the application of nerve blocks to the antler pedicle by
using lidocaine or a similar local anesthetic solution. The
Model Code of Practice for the Welfare of Animals:
The Farming of Deer (Australia) (25), The Code of
Recommendations and Minimum Standards for the
Welfare of Deer During the Removal of Antlers
(New Zealand) (26), and The Recommended Code of
Practice for the Care and Handling of Farmed Deer
(Canada) (27) have guidelines for the removal of velvet
antler that have been created and agreed upon by the
respective industry representatives, animal welfare
organizations, and veterinary associations. These guide-
lines call for the application of local anesthetic infil-
tration techniques to block pain sensation to the antler
and pedicle.

There is a growing demand in the elk velvet industry
for suitable alternatives to lidocaine anesthesia, not
only because of the potential for drug residues but
because of the relatively time consuming and complex
nature of the process. Research has begun on compres-
sion analgesia, an ancient and simple means of drug free
surgical pain relief (13). Many producers have sug-
gested that it is not time efficient or cost effective to use
LA in large velveting operations and are currently using
EA despite its unproven nature. Many have expressed sat-
isfaction with the results obtained using the same EA unit
used in this study, and similar devices for antler removal.
Indeed, in the present study, there were some individuals
that showed no behavioral or physiological response to
antler amputation while under the influence of EA,
apparently feeling no pain. A 1995 report by the
Canadian Coordinating Office for Health Technology
Assessment on TENS and pain management in humans

concluded that for the management of acute pain, the evi-
dence showing TENS to be effective is about equal to
that suggesting it to be no more effective than sham
TENS, or a placebo treatment (15). There is a need to
investigate the circumstances, if any, under which these
electrical devices will provide reliable effects in animals.

There have been no studies to date that have satis-
factorily demonstrated the effectiveness of EA for antler
removal in cervids (19,20,12). However, given that
these investigations have exhibited evidence of analgesia
in at least some animals, perhaps more reliable config-
urations ofEA could be developed for antler removal. In
the meantime, we have found that EA in its present
form is not as effective as LA in producing reliable
anesthesia for the purposes of antler removal in wapiti.
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