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Orchiectomy is performed in some species using only sedation and local anesthesia

to decrease the expense of performing the procedure using general anesthesia. The

objective of this study was to determine if dogs can be castrated safely and painlessly by

using only sedation and local anesthesia. After dogs were sedated with intramuscularly

administered xylazine (1 mg/kg) and subanesthetic ketamine (1 mg/kg), testes and

skin were anesthetized with 2% lidocaine (6 mg/kg, total dose) buffered with sodium

bicarbonate. Systolic, diastolic, and mean blood pressures; heart and respiratory rates;

and movement scores were determined before and during surgery when manipulations

were most likely to cause pain. No dog reacted substantially to injection of the

combination of sedatives, and no dog reacted noticeably to injection of lidocaine.

During surgery, the average heart rate was reduced from baseline by 40–60 beats

per minute, and the average respiratory rate was reduced by ∼10 breaths per minute.

An overall reduction of arterial blood pressures was observed. All but one dog moved

purposely in response to a toe pinch at the end of surgery. We found that sedating dogs

intramuscularly with xylazine and a sub-anesthetic dose of ketamine and administering

lidocaine at the incision site and intratesticularly allowed dogs to be castrated humanely

and avoided the expense of general anesthesia and the need for hospitalization.

Keywords: dog, castration, local anesthetic, xylazine, subanesthetic ketamine

INTRODUCTION

When anesthetic equipment is not available or large numbers of dogs must be castrated, chemical
immobilization in conjunction with local anesthesiamay be an economical and expeditiousmethod
of performing the procedure.

Orchiectomy in other species can be performed painlessly after injecting the testes or spermatic
cords with local anesthetic. Men can be castrated using local anesthesia, often without sedation (1–
4). Stallions also are often castrated while they are standing by using only sedation, local anesthesia,
and a lip twitch for restraint (5).

In a study that evaluated the analgesic effect of intratesticular and incision line infiltration
of local anesthetic (0.5% ropivacaine) (6), 7 of 11 sedated dogs were castrated with little or
no movement. Because of substantial movement, four dogs in that study were given general
anesthesia to complete the castration; however, the authors did not offer an opinion as to whether
movement appeared to be in response to surgically induced pain or other environmental stimuli.

https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://doi.org/10.3389/fvets.2019.00478
http://crossmark.crossref.org/dialog/?doi=10.3389/fvets.2019.00478&domain=pdf&date_stamp=2020-01-23
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles
https://creativecommons.org/licenses/by/4.0/
mailto:schumjo@auburn.edu
https://doi.org/10.3389/fvets.2019.00478
https://www.frontiersin.org/articles/10.3389/fvets.2019.00478/full
http://loop.frontiersin.org/people/867789/overview
http://loop.frontiersin.org/people/545395/overview
http://loop.frontiersin.org/people/157063/overview


Silva et al. Castration of Dogs Using Local Anesthesia

Silva Cuzmar et al. (7) investigated the use of sedation and
local anesthesia for immobilizing dogs during castration. That
study demonstrated that dogs can be castrated without causing
signs of pain by administering xylazine for restraint, followed
by administering lidocaine intratesticularly and subcutaneously
at the site of incision. In that study, dogs did not display signs
of pain as indicated by changes in vital signs and the lack of
purposeful movement in the presence of surgical stimulation.
We sought to bolster that study with another study in which
blood pressure was monitored before and during surgery. Blood
pressure has been shown to be a more sensitive indicator of
nociception than heart rate (HR) during castration of stallions
(8) or ovariohysterectomy of dogs (9). We also wanted to know if
lidocaine administered at a standardized dose much less than the
recommended maximum therapeutic dose for the dog [10 mg/kg
(10)] would allow castration without evidence of pain. Because
injection of lidocaine can be painful (11, 12), we also wanted to
determine the effect of using buffered lidocaine for preventing
signs of pain during injection of testes and the incision site.
In our previous study (7), non-purposeful movement of dogs
during surgery was common. We wondered if a sedative dose of
ketamine in addition to xylazine HCLwould decreasemovement.
For this study, we recorded time of administration of local
anesthesia and start of surgery, information that would indicate
the necessary time to wait before administering local anesthesia
and expectation that the testes and skin are desensitized.

MATERIALS AND METHODS

Preparation of Dogs for Surgery
Twelve male dogs of various breeds underwent castration after
owners signed a consent form allowing participation of their
dogs in the study. This study was approved by the Universidad
Austral de Chile Bioethics Committee for the Use of Animals
in Biomedical Research (protocol No. 231/2015). Physical
examinations were performed before the dogs were sedated. Dogs
had been fasted overnight but were allowed access to water until
they were sedated with xylazine HCl (1.0 mg/kg; Xilacina 2%,
Centrovet, Santiago, Chile) and ketamine (1.0 mg/kg; Ketamina,
Richmond Laboratories, Buenos Aires, Argentina) mixed in
the same syringe and administered intramuscularly in the
semitendinosus or semimembranosus muscle. Once recumbent,
dogs were placed on a surgical table in left or right lateral
recumbency and prepared for surgery with the upper pelvic limb
flexed and elevated. After the surgical site was clipped of hair and
scrubbed, lidocaine (6 mg/kg) was administered into the testes
and site of cutaneous incision.

Physiological Values Assessed Before and
During Surgery
Systolic (SAP), diastolic (DAP), and mean (MAP) blood
pressures; heart and respiratory rates; and movement scores were
determined at various time points ([1 through 12]) throughout
the procedure. Heart and respiratory rates and SAP, DAP, and
MAP were measured using a Data Scope Trio Patient Monitor
(Datascope Corporation, Mahwah, NJ, USA) and a human
pediatric blood pressure cuff (7.2–13 cm) (Tuff Cuff, Cas Medical

Systems Inc., Branford, CT USA) applied to the base of the
tail. For dogs without a tail, blood pressures were measured
by attaching the cuff to a forelimb, slightly distal to the elbow.
These values were determined with the dogs standing, before they
were injected with sedatives [1], and thereafter, with the dogs in
lateral recumbency, 3min after administration of the sedatives
[2], immediately prior to administering lidocaine [3], and during
injection of lidocaine at each of three injection sites [4–6]. The
same data were collected during the cutaneous incision [7], at
the time of removal of each testis [8, 9], during closure of the
wound [10, 11] and after pinching interdigital skin on a pelvic
limb with a Halstead forceps after the last suture was placed [12].
Four assistants (two veterinarians and two veterinary students)
collected these data. Each assistant was assigned to determine
one of the following indicators of nociception: change in arterial
blood pressures, respiratory rates, heart rates and movement.
The assistants were assigned the same task for each castration.
Data collected immediately before administering the sedatives
were used as baseline [1]. Movement was subjectively graded
on a scale of 0–3 where: 0 = no movement; 1 = slight to
moderate, non-purposeful movement that did not interfere with
surgical manipulations; 2= purposeful movement that interfered
substantially with surgery; and 3 = purposeful movement that
made continuation of surgery impossible.

Administration of Local Anesthetic
Lidocaine HCl (Lidocalm R© 2%, Drag Pharma, Santiago, Chile)
diluted with 8.4% sodium bicarbonate (Laboratorio Sanderson
S.A., San Joaquin, Chile) as a 9:1 ratio was divided into three
equal doses and administered by the first author into each
testis, and then, subcutaneously, on the midline, cranially to the
scrotum. Testicular injections weremade by inserting a 25-gauge,
16-mm needle at the median raphe and then directing the needle,
from its subcutaneous location into the parenchyma of each
testis without withdrawing the needle through the skin between
injections. The time from the subcutaneous, prescrotal injection
of lidocaine to the skin incision was recorded.

Surgical Procedure
Open castrations were performed using a prescrotal approach
with the dog in lateral recumbency and its upper pelvic limb
elevated in a flexed position. The pampiniform plexus and
vas deferens were ligated together using a transfixion ligature
of 2/0 or 3/0 polyglycolic acid (Safil, B. Braun Surgical S.A.,
Rubí, Spain). Subcutaneous tissue was closed with the same
suture using a simple-continuous pattern. Skin was closed with
non-absorbable 3/0 synthetic monofilament suture (Dafilon,
polyamide, B. Braun Medical S.A., Bogotá, Colombia) using
a simple-interrupted pattern. The first author performed all
surgeries. All dogs were administered a single dose of ketoprofen
(1 mg/kg IM) (KET-10, Drag Pharma Chile Invetec S.A., Lautaro
300, Quilicura, Santiago, Chile) and procaine penicillin G (20,000
IU/kg IM) after surgery. Time from placing the last skin suture
until the dog was standing was recorded. Dogs that remained
recumbent after the toe pinch were placed on a pad on the surgery
room floor in lateral recumbency. The dogs were discharged
between 4 and 6 h after they recovered from sedation. Owners
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were contacted by telephone 4–5 days after surgery for their
opinion of their dog’s health.

Data Analyses
Statistical analyses were performed using a commercially
available software package (JMP R© 13.0.0, SAS Institute Inc.,
Cary, NC, USA). Data were assessed for normality by visual
inspection of frequency distributions and by the Shapiro–Wilk
test. Descriptive statistics, including mean, median, standard
deviation, minimum, and maximum were calculated. Statistical
tests were performed to test the null hypothesis that the means
of each outcome variable assessing pain were equal at each time
point during surgery. Normally distributed outcome variables
(heart rate, respiratory rate, and arterial blood pressures)
were analyzed using a mixed model analysis for repeated
measures. Model fit was assessed by visual inspection of residual
plots and comparison of the Akaike information criterion
(AIC) for each model. Post-hoc multiple comparisons were
performed using the Dunnett’s test to compare each time
point with baseline (time point 1). Movement scores were
not normally distributed; thus, the Friedman’s test, a non-
parametric alternative for the repeated measures ANOVA,
was used. The Steel method, a non-parametric alternative
for the Dunnett’s test, was used for multiple comparisons of
movement scores with baseline. A value of p < 0.05 was
considered significant.

RESULTS

Descriptive statistics for age and weight of dogs and lengths
of different phases of the castration procedure are displayed
in Table 1. No dog reacted substantially to injection of the
combination of sedatives, and no dog reacted noticeably to
injection of lidocaine. During surgery, the average heart rate
was reduced from baseline by 40–60 beats per minute, and the
average respiratory rate was reduced by ∼10 breaths per minute.
The reduction in each of these rates from baseline values was
statistically significant (ptime < 0.0001) (Figure 1). With the
exception of time point 2 (3min after administration of the
sedatives), an overall reduction of arterial blood pressures were
observed. The SAP, DAP, and MAP varied significantly over
time (ptime < 0.05), but each outcome variable was significantly
different from baseline only at one time point during surgery
(pdiff = 0.0011, 0.0122, and 0.0103, respectively) (Figure 2).
During surgery, movement scores were significantly lower than
at baseline (p < 0.0093) at all time points, with the exception of
time-point 12 (the time at which the toe pinch test was applied at
the end of surgery), during which movement scores were similar
to those at baseline (p = 0.2262) (see Figure 3). Four dogs stood
in response to the toe pinch. Complications associated with the
surgery other than slight swelling and redness of the incision site,
were not reported by owners who were contacted by telephone
at 4 or 5 days after their dog’s castration. Hospital staff, who
removed sutures 9–12 days after surgery, reported no owner
complaints associated with the surgery.

TABLE 1 | Age and weight of castrated dogs, and time measurements of different

phases of the castration procedure are summarized in this table.

Age (months) Median 9

SD 17

Range 7–60

Weight (kg) Mean 21.6

SD 8.2

Range 9.0–33.2

Minutes from injection of sedatives to injection

of lidocaine

Mean

SD

17.5

7.6

Range 5.0–33.0

Duration of time during injection of lidocaine Median 3.0

SD 0.8

Range 1.0–4.0

Minutes between injection of lidocaine to skin

incision

Median

SD

2.0

0.9

Range 0.0–3.0

Surgery time (min) from incision to placement

of the last suture

Mean

SD

12.3

4.2

Range 8.0–22.0

Minutes from placement of the last suture to

standing position (likely influenced by the

application of a toe pinch).

Median

SD

Range

2.0

5.3

0.0–14.0

The mean is displayed for normally distributed outcome variables, while the median was

included as the measure of central tendency for non-normal data.

DISCUSSION

The physiological effects of noxious stimulation include
increased heart and respiratory rates and blood pressure. Heart
and respiratory rates and blood pressure did not increase
during surgical manipulations in this study. These autonomic
responses are modulated in the brain stem in response to noxious
stimulation and are not necessarily evidence of pain, because
nociception does not become interpreted as pain until noxious
signals reach the cerebral cortex (13). Lack of an autonomic
response to noxious stimulation is evidence that nociceptive
inputs never reached the spinal tracts that carry nociceptive
signals to the brain, where they could be interpreted as pain.
Dogs moved not at all or only so minimally during surgery that
the movement did not interfere with the surgical procedure.
Most dogs (11 of 12) responded to a toe pinch applied at the
end of surgery with purposeful movement, with some (n = 4)
attaining a standing position, indicating cognitive perception of
a noxious stimulus, not present during castration. Purposeful
movement in response to the toe pinch test indicates that lack
of response to surgical manipulations was due to the effects
of lidocaine, rather than the analgesic effects of xylazine and
the sub-anesthetic dose of ketamine. These findings support
findings of the previous study that concluded dogs likely
experience no pain during castration performed using only
sedation and local anesthesia (7). In that study, dogs castrated
using only sedation and local anesthesia showed no purposeful
movement and no increase in heart or respiratory rate during
the procedure.
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FIGURE 1 | Average heart and respiratory rates at 12 time points of dogs castrated while sedated with xylazine and a subanesthetic dose of ketamine. Time points

are: 1 = baseline, before any drugs, 2 = 3min post xylazine/ketamine, 3 = before testicle injection, 4 = during first testicle injection, 5 = during second testicle

injection, 6 = during skin injection, 7 = during incision, 8 = during first testicle removal, 9 = during second testicle removal, 10 = during subcutaneous suture,

11 = during skin suture, 12 = after toe pinch. *Reflects significant difference to baseline (time point 1). Error bars were constructed using the SEM.

FIGURE 2 | Average systolic, mean, and diastolic arterial blood pressures for dogs castrated while sedated with xylazine and a subanesthetic dose of ketamine. Time

points are: 1 = baseline, before any drugs, 2 = 3min post xylazine/ketamine, 3 = before testicle injection, 4 = during first testicle injection, 5 = during second testicle

injection, 6 = during skin injection, 7 = during incision, 8 = during first testicle removal, 9 = during second testicle removal, 10 = during subcutaneous suture,

11 = during skin suture, 12 = after toe pinch. *Reflects significant difference to baseline (time point 1). Error bars were constructed using the SEM.

In this study, we found that surgery was possible soon after
administration of local anesthetic with a median time of only
2min between administration of lidocaine and commencement

of surgery. In men, rapid onset of anesthesia of the testis
after intratesticular injection of lidocaine was demonstrated, as
painless testicular biopsy was possible when performed within
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FIGURE 3 | Boxplot of movement scores for dogs castrated while sedated with xylazine and a subanesthetic dose of ketamine. Time points are: 1 = baseline, before

any drugs, 2 = 3min post xylazine/ketamine, 3 = before testicle injection, 4 = during first testicle injection, 5 = during second testicle injection, 6 = during skin

injection, 7 = during incision, 8 = during first testicle removal, 9 = during second testicle removal, 10 = during subcutaneous suture, 11 = during skin suture,

12 = after toe pinch. *Reflects significant difference to baseline (time point 1) movement was subjectively graded on a scale of 0–3 where: 0 = no movement; 1 = slight

to moderate, non-purposeful movement that did not interfere with surgical manipulations; 2 = purposeful movement that interfered substantially with surgery; and

3 = purposeful movement that made continuation of surgery impossible. *Reflects significant difference to baseline (time point 1). Individual black dots reflect outliers.

15 s after injection of lidocaine in scrotal skin and directly into
the testicle (14).

Xylazine was chosen for sedation in the previous study of
dog castrations performed with local anesthesia (7), because
one of the aims of that study was to demonstrate an
economical method of dog castration, and because other alpha2-
adrenoreceptor agonists are not available in some countries.
For the current study, a sub-anesthetic dose of ketamine was
added to the sedation protocol to decrease the possibility of
the dogs experiencing pain during intra-testicular injection of
local anesthetic solution. Sodium bicarbonate was added to
lidocaine for intratesticular injection of local anesthetic solution
for the same reason, because lidocaine and other local anesthetic
agents have a low pH, which may result a burning sensation
during injection. Adding bicarbonate to the local anesthetic
solution may decrease pain by raising the pH of the solution
(11, 12). The sodium bicarbonate added to local anesthetic
solution also increases the potency and the speed of onset of the
local anesthetic solution (12, 15, 16). Pain experienced during
intratesticular injection of local anesthetic solution might also be
caused by rapid expansion of tissue; for this reason, injections
were made with a small-bore needle to slow the rate of injection
and to decrease pain associated with insertion of a needle.

Ketamine is often used at sub-anesthetic doses as a sedative in
human patients. Ketamine administered at a sub-anesthetic dose
appears to be particularly useful in emergency rooms for dealing
with agitated patients and children, because its onset of action
is about 5min even when administered intramuscularly (17, 18),

and because the incidence of side effects associated with its use is
low (18–21). We administered ketamine at a fraction of the dose
used in dogs (11 mg/kg) when combined with xylazine etc. (22),
which would exert its effect by disconnecting the thalamocortical
and limbic systems, effectively dissociating the central nervous
system from outside stimuli to act as a potent analgesic
permitting medical procedures to be performed without causing
pain to the patient (21). Ketamine administered to human
patients at a sub-anesthetic dose is also a potent analgesic (23,
24). Sub-anesthetic doses of ketamine do not significantly affect
consciousness or arousal, and have no measurable cardiovascular
or respiratory effects (25, 26).

The study has a number of limitations. Only young healthy
dogs were studied, and the effects of the drug combination may
be different in older or debilitated dogs. Although we monitored
the basic aspects of cardiopulmonary function in this study,
monitoring blood gases and cardiac output would have been
ideal, so that the safety of the drug combinations used could
have been better assessed. This was not possible, however, due
to the circumstances of the study. Simultaneous administration
of xylazine and ketamine to dogs, especial at high doses, can
produce substantial hypoxemia (27); however, it is unlikely to
be the case in the dogs of this study as they were not in a
deep plane of surgical anesthesia. Emesis is sometimes a side-
effect of administering xylazine to dogs (28); however, in the
authors’ experience emesis is unlikely to occur when xylazine
is administered in association with ketamine. Nevertheless, the
study did not evaluate dogs to determine if they maintained
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a swallow reflex after sedation, which would have been an
indication that the dogs could protect their airway in the event
of emesis. Although no substantial reaction was observed during
intratesticular administration of local anesthetic or during the
surgical procedure in this study, there may be risk that some
dogs may have an aggressive reaction toward personnel during
these procedures.

We found that sedating dogs intramuscularly with xylazine
and a sub-anesthetic dose of ketamine and administering
lidocaine at the incision site and intratesticularly allowed
dogs to be castrated humanely and avoided the expense of
general anesthesia.

DATA AVAILABILITY STATEMENT

The datasets generated for this study are available on request to
the corresponding author.

ETHICS STATEMENT

The animal study was reviewed and approved by Universidad
Austral de Chile Bioethics Committee for the Use of Animals
in Biomedical Research. Written informed consent was obtained
from the owners for the participation of their animals in
this study.

AUTHOR CONTRIBUTIONS

ES contributed to case recruitment and study execution. All
authors contributed to study design and manuscript preparation.
TP performed data analysis.

FUNDING

This study was funded by Universidad Austral de Chile,
Valdivia, Chile.

REFERENCES

1. Magoha GA. Local infiltration and spermatic cord block for inguinal, scrotal

and testicular surgery. East Afr Med J. (1998) 75:575–7.

2. Riba LWN. Subcapsular castration for carcinoma of prostate. J Urol. (1942)

48:384–7. doi: 10.1016/S0022-5347(17)70724-0

3. Rud O, Peter J, Kheyri R, Gilfrich C, Ahmed AM, Boeckmann W,

et al. Subcapsular orchiectomy in the primary therapy of patients

with bone metastasis in advanced prostate cancer: an anachronistic

intervention? Adv Urol. (2012) 2012:190624. doi: 10.1155/2012/

190624

4. Ather MH, Mushtaq A, Sulaiman MN. Urological surgical procedures under

local anesthesia. In: Saadatniaki A, editor. Clinical Use of Local Anesthetics.

Rijeka: InTech (2012). p. 39–58.

5. Schumacher J. Testis. In: Auer JA, Stick JA, Kümmerle JM, Prange T, editors.

Equine Surgery. 5th ed. St. Louis, MO: Elsevier (2019). p. 994–1034.

6. Kushnir Y, Toledano N, Cohen L, Bdolah-Abram T, Shilo-Benjamini

Y. Intratesticular and incisional line infiltration with ropivacaine

for castration in medetomidine-butorphanol-midazolam sedated

dogs. Vet Anaesth Analg. (2017) 44:346–55. doi: 10.1016/j.vaa.2016.

03.007

7. Silva Cuzmar S, Schumacher J, Passler T, Ravis WR. Sedation in combination

with local anesthesia was as effective as general anesthesia for canine

castrations. Clin Theriogenol. (2019) 11:43–51.

8. Haga HA, Dolvik NI. Electroencephalographic and cardiovascular

variables as nociceptive indicators in isoflurane-anaesthetized horses.

Vet Anaesth Analg. (2005) 32:128–35. doi: 10.1111/j.1467-2995.2005.

00194.x

9. Höglund OV, Lövebrant J, Olsson U, Höglund K. Blood pressure and heart

rate during ovariohysterectomy in pyometra and control dogs: a preliminary

investigation. Acta Vet Scand. (2016) 58:80. doi: 10.1186/s13028-016-

0263-y

10. Lemo N, Vnuk D, Radisic B, Skender L, Karacic V, Brcic I. Determination

of the toxic dose of lidocaine in dogs and its corresponding serum

concentration. Vet Rec. (2007) 160:374–5. doi: 10.1136/vr.160.

11.374

11. Scarfone RJ, Jasani M, Gracely EJ. Pain of local

anesthetics: rate of administration and buffering. Ann

Emerg Med. (1998) 31:36–40. doi: 10.1016/S0196-0644(98)

70278-1

12. Datta S, Kodali BS, Segal S. Obstetrical Anesthesia Handbook. New York, NY:

Springer Science+Business Media, LLC (2010). p. 21.

13. Johnson C. Research tools for the measurement of pain and nociception.

Animals. (2016) 6:71. doi: 10.3390/ani6110071

14. Kamal K, Zini A, Jarvi K. Testicular block using intra-testicular lidocaine:

a new anaesthetic technique for percutaneous testis biopsy. Can J Urol.

(2002) 9:1568–70.

15. Boone L, Schumacher J, DeGraves F, Cole R. Sodium bicarbonate speeds

and potentiates anesthesia of median and ulnar nerve blocks performed

with mepivacaine. Vet Rec. (2018) 184:vetrec-2018-104962. doi: 10.1136/vr.

104962

16. Wong K, Strichartz GR, Raymond SA. On the mechanisms of

potentiation of local anesthetics by bicarbonate buffer: drug

structure–activity studies on isolated peripheral nerve. Anesth

Analg. (1993) 76:131–43. doi: 10.1213/00000539-199301000-

00023

17. Cole JB, Moore JC, Nystrom PC, Orozco BS, Stellpflug SJ, Kornas RL, et al.

A prospective study of ketamine versus haloperidol for severe prehospital

agitation. Clin Toxicol. (2016) 54:556–62. doi: 10.1080/15563650.2016.

1177652

18. Riddell J, Tran A, Bengiamin R, Hendey GW, Armenian P. Ketamine

as a first-line treatment for severely agitated emergency department

patients. Am J Emerg Med. (2017) 35:1000–4. doi: 10.1016/j.ajem.2017.

02.026

19. Hopper AB, Vilke GM, Castillo EM, Campillo A, Davie T, Wilson

MP. Ketamine use for acute agitation in the emergency department.

J Emerg Med. (2015) 48:712–9. doi: 10.1016/j.jemermed.2015.

02.019

20. Howes MC. Ketamine for paediatric sedation/analgesia in the emergency

department. Emerg Med J. (2004) 21:275–80. doi: 10.1136/emj.2003.0

05769

21. Green SM, Roback MG, Kennedy RM, Krauss B. Clinical practice guideline

for emergency department ketamine dissociative sedation: 2011 update.

Ann Emerg Med. (2011) 57:449–61. doi: 10.1016/j.annemergmed.2010.

11.030

22. Booth, NH. Drugs acting on the central nervous system. In: Booth NH,

McDonald LE, editors. Veterinary Pharmacology and Therapeutics 6th ed.

Ames, IA: Iowa State University Press (1988). p. 153–408.

23. White PF, Way WL, Trevor AJ. Ketamine—its pharmacology

and therapeutic uses. Anesthesiology. (1982) 56:119–36.

doi: 10.1097/00000542-198202000-00007

24. Reeves JG, Glass PSA, Lubarsky DA, McEvoy MD, Martinez-Ruiz R.

Intravenous anaesthetics. In: Miller RD, editor. Miller’s Anaesthesia. 7th ed.

Philadelphia, PA: Churchhill Livingstone (2010). p. 719–71.

Frontiers in Veterinary Science | www.frontiersin.org 6 January 2020 | Volume 6 | Article 478

https://doi.org/10.1016/S0022-5347(17)70724-0
https://doi.org/10.1155/2012/190624
https://doi.org/10.1016/j.vaa.2016.03.007
https://doi.org/10.1111/j.1467-2995.2005.00194.x
https://doi.org/10.1186/s13028-016-0263-y
https://doi.org/10.1136/vr.160.11.374
https://doi.org/10.1016/S0196-0644(98)70278-1
https://doi.org/10.3390/ani6110071
https://doi.org/10.1136/vr.104962
https://doi.org/10.1213/00000539-199301000-00023
https://doi.org/10.1080/15563650.2016.1177652
https://doi.org/10.1016/j.ajem.2017.02.026
https://doi.org/10.1016/j.jemermed.2015.02.019
https://doi.org/10.1136/emj.2003.005769
https://doi.org/10.1016/j.annemergmed.2010.11.030
https://doi.org/10.1097/00000542-198202000-00007
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Silva et al. Castration of Dogs Using Local Anesthesia

25. Gorlin AW, Rosenfeld DM, Ramakrishna H. Intravenous sub-anesthetic

ketamine for perioperative analgesia. J Anaesthesiol Clin Pharmacol. (2016)

32:160–7. doi: 10.4103/0970-9185.182085

26. Lee EN, Lee JH. The Effects of low-dose ketamine on acute pain in an

emergency setting: a systematic review and meta-analysis. PLoS ONE. (2016)

11:e0165461. doi: 10.1371/journal.pone.0165461

27. Haskins SC, Patz JD, Farver TB. Xylazine and xylazine-ketamine in dogs. Am

J Vet Res. (1986) 47:636–41.

28. Paddleford RR, Harvey RC. Alpha 2 agonists and antagonists. Vet Clin

N Am Small Anim Pract. (1999) 29:737–45. doi: 10.1016/S0195-5616(99)

50058-2

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2020 Silva, Schumacher and Passler. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Veterinary Science | www.frontiersin.org 7 January 2020 | Volume 6 | Article 478

https://doi.org/10.4103/0970-9185.182085
https://doi.org/10.1371/journal.pone.0165461
https://doi.org/10.1016/S0195-5616(99)50058-2
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

	Castration of Dogs Using Local Anesthesia After Sedating With Xylazine and Subanesthetic Doses of Ketamine
	Introduction
	Materials and Methods
	Preparation of Dogs for Surgery
	Physiological Values Assessed Before and During Surgery
	Administration of Local Anesthetic
	Surgical Procedure
	Data Analyses

	Results
	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


