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Abstract

Introduction: The advancement of spay-neuter procedures has been vital to the reduction of
euthanized dogs and cats. Even though many spay-neuter clinics and shelters have adopted
anesthesia protocols that align with best practices, there is currently little published data
reporting trends among these clinics in the United States. The aim of this study was to provide
data on the most commonly used high-quality, high-volume spay-neuter (HQHVSN) anes-
thetic/analgesic protocols.

Methods: In 2017, a voluntary, anonymous web-based survey was distributed to shelters/clin-
ics through the HQHVSN veterinarians’ listserv and the Association of Shelter Veterinarians
(ASV) listserv.

Results: One hundred and six facilities participated in the survey spanning 36 states in the
United States. The most commonly used canine anesthesia premedication was acepromazine
paired with an opioid, with acepromazine/hydromorphone and acepromazine/butorphanol
representing 26% (24/91) and 23% (23/91) of the responses, respectively. Ketamine/midaz-
olam was the most commonly used canine induction anesthetic representing 39% (35/91) of
the responses. The most commonly used feline protocol was a total intramuscular anesthetic
combination such as dexmedetomidine/ketamine/butorphanol (DKT) or Telazol/butorpha-
nol/dexmedetomidine (TTDex) accounting for 39% (35/91) and 33% (30/91) of the responses,
respectively. The majority of respondents administered an injectable nonsteroidal anti-inflam-
matory drug (NSAID) to their canine and feline patients at 63% (67/106) and 59% (63/106)),
respectively. Only 26% (25/98) of respondents used to-go-home (TGH) medications, and only
40% (41/102) of respondents used local anesthetics. Overall protocol satisfaction was 86%
(59/66).

Conclusion: This survey identified that across a wide range of spay-neuter clinics, there exists
significant trends with regard to anesthetic and analgesic protocols. These results can be used
as primary, historical data to which future studies can compare.
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able advancements, primarily attributed to the adop-

tion of best practices and a strong commitment to
upholding high standards of animal welfare.! The evolu-
tion of spay-neuter services has had a significant impact
on the pet overpopulation problem and has encouraged
progressive animal sheltering practices. Since its incep-
tion in the early 2000s, the Association of Shelter Veter-
inarians (ASV) has had a strong goal to advance spay/
neuter programs. In the ASV’s 2016 Veterinary Medical
Care Guidelines for Spay-Neuter Programs, the term

In recent decades, shelter medicine has seen remark-

high-quality, high-volume spay-neuter (HQHVSN) was
defined.? This term highlighted the importance of main-
taining the highest quality individual patient care while
being able to provide sterilization services to a large vol-
ume of animals. HQHVSN clinics have become vital to
animal shelters themselves and the community. Notably,
in the United States, annual estimated euthanasia rates
of shelter animals have dropped from 22 to 24 million
in the early 1970s to just under 1 million in 2019. Addi-
tionally, in 2023, estimated national reports indicated that
850,000 dogs and cats had non-live outcomes from animal
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sheltering organizations. The increasing number of facil-
ities offering HQHVSN services has been a vital part of
this overall decline.’*

The field of shelter medicine has now become an inte-
gral component of veterinary education, significantly
enhancing the confidence and knowledge of veterinary
students.>” The challenge faced by shelter medicine
programs is to deliver cost-effective, high-volume ser-
vices while maintaining the highest standards of qual-
ity. In this unique context, shelter veterinarians require
a comprehensive understanding of various disciplines,
including epidemiology, internal medicine, diagnostic
imaging, anesthesia, and surgery, among others.® Of
particular importance is a solid foundation in pharma-
cology, as this field often involves working with feral,
stressed, or unhandled animals, which may necessitate
chemical immobilization for diagnostic procedures
and, in the case of HQHVSN programs, anesthesia
administration.>!°

When developing and selecting anesthetic protocols
for HQHVSN clinics and shelters, there are many factors
to take into consideration, such as number and type of
patients, size and experience of support staff, timing, ease
of administration, cost, safety margin, and drug avail-
ability. Therefore, many protocols have been tailored to
meet the needs of these programs. In practice, there is no
single drug that encompasses all the necessary attributes:
cost-effectiveness, ease of administration, minimal injec-
tion volume, rapid onset, prolonged effect, and the abil-
ity to provide muscle relaxation, hypnosis, analgesia, and
hemodynamic stability.>!'> Nonetheless, there has been
a growing shift in shelter medicine toward refining anes-
thetic protocols along with surgical techniques to adopt a
more multimodal approach. Research based on a 6 year
study from the University of Florida’s shelter medicine
program demonstrated that this approach in a HQHVSN
setting significantly reduced perioperative mortality rates
and compares favorably with rates reported in private
clinical practice.!

Shelter veterinarians have a range of pharmacological
tools at their disposal, including alpha 2-adrenergic ago-
nists, phenothiazines, opioids, dissociative anesthetics,
phenolics, local anesthetics, anticholinergics, inhalant
anesthetics, and nonsteroidal anti-inflammatory drugs
(NSAIDs). This diverse array of drugs can be effectively
integrated to create balanced anesthesia protocols suitable
for high-volume spay-neuter procedures, as evidenced by
various studies.'* 16

There are many excellent resources available for shel-
ter and HQHVSN veterinarians regarding anesthetic
and analgesic protocols that remain in line with current
accepted guidelines.'''® However, it is unknown what
protocols and strategies are used among HQHVSN clin-
ics and shelters based on clinic qualities in the United

States. The aim of this study was to collect and sum-
marize HQHVSN anesthetic and analgesic protocol
information.

Methods

Study design

Following approval from the Institutional Review Board
at Midwestern University, a web-based survey was
designed for the purpose of gathering data pertaining to
anesthesia and analgesia protocols in spay-neuter clinics
and shelters. The survey consisted of short, open-ended,
multiple choice, and ranking questions. Two authors
(N.G. and E.H.), one shelter medicine veterinarian, and
one anesthesiologist designed the initial survey. It was
pilot tested with six veterinarians and veterinary students
for comprehension, and changes were made on the basis
of feedback obtained. For the purposes of this survey,
a ‘spay-neuter clinic’ was defined as a free-standing or
mobile clinic that performs spays and neuters for shel-
ters, rescues, community-owned, and/or privately-owned
animals at least twice weekly. Animal shelters that focus
solely on their own population of animals were also
included. There was no requirement to complete a cer-
tain number of surgeries/day and clinics and shelters that
perform spay-neuter surgeries on stray/outdoor/commu-
nity cats only were eligible to participate. The survey was
crafted and administered via an online platform (https:/
www.surveymonkey.com). It was distributed to these shel-
ters/clinics through the HQHVSN veterinarians’ listserv
and the ASV listserv. The survey remained accessible
from August 2017 to December 2017. Participation in
the survey was entirely voluntary and anonymous, and
IP addresses were not evaluated. It was requested that
only one representative from each clinic/shelter responds
to the survey, and participants retained the flexibility to
skip questions or discontinue the survey at their discre-
tion. Respondents answered 22 questions with overall
focuses being the facility geographical distribution and
operational history, staffing details, surgical caseload and
sex breakdown, current anesthetic/analgesic protocols,
patient monitoring, protocol decision-making, and over-
all satisfaction (Appendix 1).

Statistical analysis

Incomplete surveys were not included in the analysis.
Descriptive statistics stratified by institution type were
generated for age of clinic (average, minimum, and max-
imum), number of veterinarians (median and mode), the
number of surgeries performed per week (median, mode,
minimum, and maximum), and the number of surgery
days per week (median, mode, minimum, and maximum).
Descriptive statistics stratified by institution type were
also generated for the percentage of spays and neuters
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conducted yearly (mode, minimum, and maximum), the
distribution of canine and feline surgeries conducted
yearly (mode, minimum, and maximum), and ownership
status of patients (mode, median, and average).
Participants provided percentages of surgeries with
regard to dog surgeries, feline surgeries, and surgeries on
owned, unowned, and feral animals. Normality was deter-
mined by the D’Agostino-Pearson method. Comparisons
among institution types were made for yearly dog surger-
ies, yearly cat surgeries, and ownership of patients using
an Analysis of Variance (ANOVA) with post-hoc Turkey
testing or non-parametric Kruskal-Wallis test with post-
hoc Dunn’s test. Six factors influencing protocol choice
were ranked by participants and were categorized and
reported as percentages. For each factor, the total counts
for first place through sixth place were marked and then
divided by the number of responses (n = 86) to obtain a
percentage. When all categories were calculated, the cat-
egory that had the highest percentage for the rank was
identified. A comparison between satisfied participants
and dissatisfied participants was further performed based
on age of clinic, number of veterinarians in the clinic,
number of surgeries performed per day, and number of
surgery days per week using the Mann-Whitney U test.
A chi-squared test was used to compare type of practice
and protocol satisfaction. Significance was set at a = 0.05.

Results

Institution type & patient demographics

Data were collected from 106 facilities across 36 states in
the United States. These facilities included 55 private non-
profit stationary clinics, 29 government institutions, nine
private nonprofit mobile clinics, five academic institutions,

Spay-neuter anesthesia protocols

five private for-profit stationary clinics, and three private
for-profit mobile clinics (Fig. 1).

On average, these facilities have been operational for
approximately 13 years (minimum-maximum of 1.5-106).
The staff included two veterinarians (1-3), who were sup-
ported by approximately three veterinarian technicians
(2-4) and five veterinarian assistants (4-5). These clinics
operated 5 days a week (1-7) and performed 31 (11-200)
surgeries per day (Table 1). Regarding sex distribution,
approximately 25% of the canine patients were males
(5-60%) and approximately 25% were females (3-40%).
Similarly, approximately 25% of feline patients were males
(10-50%) and approximately 25% were females (10-60%).
Approximately 50% of the dogs and cats were owned, and
approximately 50% were unowned. Additionally, about
10% of the cats were feral.

Significant variations were observed in the distribu-
tion of canine and feline surgeries when comparing gov-
ernment institutions to private nonprofit mobile clinics.
Government institutions exhibited a notably higher per-
centage of canine surgeries (P = 0.008), whereas private
nonprofit mobile clinics showed a significantly higher
percentage of feline surgeries (P = 0.006). However, no
statistically significant differences were observed when
comparing institution types regarding the annual fre-
quency of spays and neuters.

A statistically significant difference in the percentage of
surgeries conducted on owned dogs was observed when
comparing government facilities to private-for-profit sta-
tionary clinics (P < 0.001), government to private non-
profit mobile clinics (P <0.001), and government to private
nonprofit stationary clinics (P < 0.001). Specifically,
government facilities had notably fewer owned canine
patients compared to all other types. Regarding owned

=1 Govemment
=3 Private non-profit mobile
3 Academic

=3 Private for-profit stationary
mm Private non-profit stationary
mm Private for- profit mobile

Fig. 1. Geographic distribution of respondents according to type of practice.
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Table 1. Characterization of participating clinics based on number of years in operation, number of surgeons, number of surgeries per day, and

number of surgery days per week

Variable Total Academic Government Private for- Private non- Private non- Private for-
(n=106) (n=5) (n=129) profit stationary  profit mobile  profit stationary  profit mobile
(n=75) (n=8) (n =56) (n=3)
Years in Mean 15 14 24 3.9 6.8 14 10
Practice Range 1.5-106 4-28 10—42 2-6 2-12 1.5-106 515
Median 13 10 24 4 6.5 9.5 I
Surgeons Mode 1.0 0 2.0 1.0 1.0 1.0 1.0
per Range 0-15 04 1.0-6.0 1.0-2.0 1.0-4.0 1.0-15 1.0-2.0
Practice  \edian 20 0 30 1.0 1.0 1.0 1.0
Surgeries Mode 20 - 25 - 35 35 -
per Day Range 11-200 15-200 15-60 11-60 20-50 14-180 20-100
Median 31 30 40 32 38 30 45
Surgery Mode 5.0 5.0 5.0 4.0 3.0 4.0 3.0
Days per Range 1.0-7.0 1.0-5.0 4.0-7.0 4.0-5.0 2.0-4.0 1.0-7.0 3.0-5.0
Week Median 50 40 60 40 30 40 30

cats, there was a significant difference among academic
and private for-profit stationary (P = 0.049) and academic
and private nonprofit mobile (P = 0.003) in which aca-
demic facilities performed a significantly lower number of
surgeries on owned feline patients. Government facilities
differed significantly compared to all groups except aca-
demic facilities (P = 0.001, < 0.001, < 0.001, and 0.029) in
which government facilities performed significantly fewer
surgeries on owned cats.

Anesthetic protocols
There was a diverse range of anesthetic protocols used for
canine patients. The most common premedication pro-
tocol was the pairing of acepromazine with hydromor-
phone (24/91; 26%), closely followed by acepromazine
with butorphanol (23/91; 23%). The acepromazine and
hydromorphone combination was widely favored in both
private for-profit and nonprofit stationary clinics. In aca-
demic institutions, acepromazine was frequently paired
with hydromorphone, and additional options included
butorphanol, carprofen, atropine, and meloxicam as pre-
medication choices. Conversely, government institutions
predominantly used acepromazine and butorphanol as
their preferred protocol. During the induction phase, the
most commonly used drugs were ketamine/midazolam
(35/91; 39%), with Telazol, butorphanol, and dexmede-
tomidine (TTDex) (23/91; 25%) and Telazol (11/91; 12%)
following closely behind (Table 2). For maintenance,
the majority of responders (69/91; 76%) indicated that
no additional drugs were needed for maintenance, with
isoflurane being the second most commonly mentioned
option at 24% (22/91).

Regarding anesthetic protocols reported for cats,
a majority of respondents did not indicate that a

premedication was given (46/91; 50%). Acepromazine
alone, hydromorphone alone, a combination of aceprom-
azine and butorphanol, and a combination of buprenor-
phine and robenacoxib were all employed at an equal
frequency of 7.7% (7/91). The most common induction
protocol for cats was dexmedetomidine, ketamine, and
butorphanol (DKT), accounting for approximately 38%
(35/91) of cases, followed closely by TTDex at 33% (30/91)
(Table 3). Concerning maintenance, a significant majority
of responders (73/91; 80%) indicated that no additional
drugs were required, and only 20% (18/91) mentioned the
use of isoflurane.

Analgesia

Sixty-three percent (67/106) of canine patients under-
going surgery received an injectable NSAID. Among
the NSAIDs used, meloxicam was the most frequently
administered (36/67; 54%), followed by carprofen
(23/67; 34%), ketoprofen (5/67; 7.5%), meloxicam, and/
or carprofen (2/67; 3.0%), and finally meloxicam and/
or ketoprofen (1/67; 1.5%). With respect to clinic types,
meloxicam was used most frequently by academic (2/3;
67%), government (9/15; 60%), and private nonprofit sta-
tionary facilities (23/41; 56%). Carprofen was used most
frequently by private for-profit mobile (1/1; 100%), pri-
vate nonprofit mobile (2/3; 67%), and private for-profit
stationary facilities (2/4; 50%). The two types of facili-
ties that used both carprofen and meloxicam were pri-
vate for-profit stationary (1/4; 25%) and private nonprofit
stationary (1/41; 2.4%) (Table 4). Regarding the timing
of NSAID administration in canine patients, 37% (25/67)
gave no indication, followed by 36% (24/67) administer-
ing postoperatively, 12% (8/67) administering preoper-
atively, 10.5% (7/67) administering at induction, 3.0%
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Table 2. Percentage of respondents using specific premedication and induction protocols for canine anesthesia

Drug Private Private Private Private
Overall Academic Government for-profit  non-profit  non-profit for-profit
(n=91) (=2 (n =25) stationary mobile stationary mobile
(n=135) (n=28) (n=49) (n=2)
Premedication Acepromazine + Hydromorphone 26 50 24 60 0 29 0
Acepromazine + Butorphanol 23 0 32 0 25 2.0 50
Acepromazine + Morphine 43 0 4.0 0 13 4.1 0
Hydromorphone 1.1 0 0 0 0 2.0 0
Acepromazine 1.1 0 0 0 0 2.0 0
Hydromorphone + Dexamethasone 1.1 0 0 0 0 2.0 0
Hydromorphone + Acepromazine + 1.1 0 0 0 0 2.0 0
Midazolam
Hydromorphone + Acepromazine + 1.1 0 0 0 0 2.0 0
Buprenorphine
Acepromazine + Butorphanol + Atropine 1.1 50 0 0 0 0 0
+ Meloxican/Carprofen
Acepromazine + Butorphanol + Atropine  |.| 0 0 0 0 2.0 0
Acepromazine + Carprofen 1.1 0 0 0 0 2.0 0
Not administered 38 0 40 40 63 33 50
Induction Ketamine/Midazolam 39 0 44 40 25 41 33
TTDex 25 0 28 20 50 18 67
Telazol 12 50 8.0 20 13 12 0
DKT 7.6 0 4.0 20 13 82 0
Ketamine/Diazepam 4.3 50 4.0 0 0 4.1 0
Ketamine/Xylazine 33 0 8.0 0 0 2.0 0
DKH 22 0 0.0 0 0 4.1 0
Propofol 22 0 0 0 0 4.1 0
THDex 1.1 0 0 0 0 2.0 0
TTDex + Ketamine/Midazolam 1.1 0 0 0 0 2.0 0
Telazol + Propofol 1.1 0 0 0 0 2.0 0
Telazol + Ketamine + Diazepam 1.1 0 4.0 0 0 0 0
No answer 14 0 0 0 0 0 0

(2/67) administering intraoperatively, and 1.5% (1/67)
administering pre- and/or postoperatively.

For feline patients, NSAIDs were employed in 59%
(63/106) of the facilities, with meloxicam being the pre-
ferred choice at 95% (60/63). Specifically, academic, gov-
ernment, private for-profit stationary, private nonprofit
mobile, and private for-profit mobile clinics exclusively
administered meloxicam. Notably, robenacoxib, carpro-
fen, and ketoprofen were occasionally used in private
nonprofit stationary clinics, but meloxicam remained the
dominant choice at 92% (35/38) usage in these facilities
(Table 4). Regarding the timing of NSAID administration
in feline patients, 38% (24/63) gave no indication, followed
by 33% (21/63) administering postoperatively, 13% (8/63)
administering preoperatively, 11% (7/63) administering
at induction, 3% (2/63) administering intraoperatively,
and 2% (1/63) administering pre- and/or postoperatively.
Thirty-five percent (37/106) of the participants reported
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no implementation of NSAIDs in spay-neuter protocols.
A variety of factors were reported to justify the absence
of NSAID administration, including pediatric patients,
sick conditions, dehydration, potential kidney disease,
and oral administration as sufficient for analgesia post-
operatively. To-go-home (TGH) medications were only
used 26% (25/98) of the time, with carprofen being the
most commonly used in canine patients at 44% (11/25)
and meloxicam being the most commonly used in feline
patients at 27% (4/15) (Table 4).

There were six justifications for not prescribing TGH
medications to patients: TGH deemed unnecessary
(23/73; 32%), dispensing limitations (7/73; 10%), cost
alone (4/73; 5.5%), a combination of cost and dispensing
limitations (5/73; 6.9%), a combination of not necessary
and dispensing limitations (2/73; 2.7%), and a combina-
tion of not necessary, cost, and dispensing limitations
(2/73; 2.7%). Forty-one percent (30/73) of participants
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Tuable 3. Percentage of respondents using specific premedication and induction protocols for feline anesthesia

Drug Private Private non- Private Private
Overall  Academic Government  for-profit ) non-profit  for-profit
_ _ _ . profit mobile . .
(n=91) (n=2) (n=25) stationary (n=8) stationary mobile
(n=15) (n=49) n=2)
Premedication Acepromazine 7.7 0 0 0 0 4.1 0
Hydromorphone 7.7 0 0 0 0 4.1 0
Buprenorphine + Robenacoxib 7.7 0 0 0 0 0 0
Butorphanol + Acepromazine 7.7 0 0 0 0 4.1 0
Midazolam 38 0 0 20 0 0 0
Hydromorphone + Midazolam + 3.8 0 0 0 0 2.0 0
Buprenorphine
Acepromazine + Hydromorphone 38 0 0 0 0 2.0 0
Acepromazine + Buprenorphine + 38 50 0 0 0 0
Atropine
Hydromorphone + Midazolam 38 0 0 0 0 2.0 0
No answer 50 50 25 80 100 80 100
Induction DKT 38 50 58 0 0 40 33
TTDex 33 0 15 80 88 32 0
DKH 7.5 50 38 0 0 8 0
Ketamine/Midazolam 6.5 0 0.0 0 13 6 67
Telazol 32 0 7.7 0 0 2 0
Ketamine/Xylazine 32 0 38 0 0 4 0
DKM 22 0 0.0 0 0 4 0
TKX I.1 0 0 0 0 2 0
THDex I.1 0 0.0 20 0 0 0
TDM I.1 0 0.0 0 0 2 0
DKT + Propofol I.1 0 38 0 0 0 0
DKT +TKX I.1 0 38 0 0 0 0
Telazol + Propofol 1.1 0 38 0 0 0 0

who reported not using TGH medications did not indi-
cate a justification.

Only 40% (41/102) of the survey participants described
using local anesthetic techniques during spay and neuter
procedures. When it came to intratesticular blocks, lido-
caine only was used 34% (14/41) of the time, and bupiv-
acaine alone was used 10% (4/41) of the time. Lidocaine
and/or bupivacaine was used 34% (14/41) of the time,
and 22% (9/41) gave no indication of using either. For
splash blocks, lidocaine and/or bupivacaine was used
29% (12/41) of the time, bupivacaine alone was used
24% (10/41) of the time, and 46% (19/41) of respondents
gave no indication of using either. Respondents who did
not use local anesthetic blocks during spay and neuter
procedures cited reasons such as time constraints, staff
availability, and the perception that such techniques were
unnecessary.

Monitoring
Eighty-six percent (80/93) of respondents used both man-
ual and electronic anesthesia monitoring. Specifically,

50% (46/93) of respondents monitored patients using a
combination of pulse oximetry, heart and respiratory rate
palpation/auscultation, and jaw tone/eye position. Nine
percent (8/93) of respondents monitored patients using a
combination of pulse oximetry, EtCO,, ECG, heart and
respiratory rate palpation/auscultation, and jaw tone/eye
position. Ten percent (9/93) of respondents relied solely
heart and respiratory rate palpation/auscultation, while
2.2% (2/93) of respondents used only pulse oximetry.
Other combinations about how animals were monitored
represented 26% (24/93) of responses. No answer was
given by 4.3% (4/93) of respondents.

Overall, the responsibility for monitoring patients
during anesthesia fell to technicians or assistants in 62%
(58/93) of cases, and in 26% (24/93) of instances, the sur-
geon was also involved. The surgeon alone was respon-
sible for monitoring only 1.1% (1/93) of the time. The
combination of a technician/assistant and a volunteer was
also indicated only 1.1% (1/93) of the time. No answer
was given by 10% (9/93) of respondents. In government
facilities, 86% (18/21) reported relying solely on veterinary
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technicians for monitoring, with the remaining 14% (3/21)
using both surgeons and technicians. Private for-profit
stationary clinics exclusively used technicians for anesthe-
sia monitoring, while private nonprofit mobile and sta-
tionary clinics employed both technicians and veterinary
surgeons in monitoring.

Protocol choice

Nine factors influenced current anesthetic protocol choice.
These factors included: previous experience with the proto-
col of choice alone (20/69; 29%), scientific literature alone
(5/69; 7.3%), guidance from the Humane Alliance/ American
Society for the Prevention of Cruelty to Animals (ASPCA)
Spay/Neuter Alliance alone (5/69; 7.3%), difficulty obtain-
ing schedule II opioids alone (4/69; 5.8%), cost alone (1/69;
1.5%), recommendation from other shelter veterinarian
alone (2/69; 2.9%), ease of administration alone (2/69; 2.9%),
safety alone (1/69; 1.5%), and recommendations by an anes-
thesiologist alone (1/69; 1.5%). Forty-one percent (28/69) of
respondents indicated that multiple factors influenced their
decision. Respondents ranked six factors in deciding whether
to include or change an element in a protocol. The rankings
were recommendations from peer-reviewed literature (1%),
recommendations from HQHVSN training facilities (2"Y),
cost (3), acceptance by other HQHVSN practitioners (4"),
veterinary-based information services (5"), and acceptance
by full-service practitioners in the area (6) (Fig. 2).

Protocol satisfaction

The majority of participants (59/66; 86%) were satisfied
with their current anesthetic protocol. All academic insti-
tutions, private for-profit stationary, and private for-profit
mobile clinics were satisfied with their current protocols.
There was no significant difference between dissatisfied
clinics and satisfied clinics with respect to age of clinic
(P =0.733), number of veterinarians on staff (P = 0.095),
number of surgeries per day (P = 0.775), or number of
surgeries per week (P = 0.168). There was no significance
detected between the type of institution and frequency or
tendency to be satisfied with the protocol (P values ranged
from 0.27 to > 0.99).

Peer
Reviewed
Literature

HQHSVN

HQVSN Traing Practitioners

Recommendations

Cost

Fig. 2. Tllustration of rankings per category.
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Difficulty of getting schedule II opioids alone encom-
passed a rather small percentage of total responses (4/69;
5.8%) for reasons in choosing a protocol. Interestingly,
this reason was indicated by clinics dissatisfied with their
protocol as the sole barrier to change at 56% (5/9). Other
reasons to change protocol and/or barriers to change
included wanting better multimodal analgesia (1/9; 11%),
a combination of better multimodal analgesia and more
reversible anesthesia (1/9; 11%), a combination of cost
and difficulty using schedule II opioids (1/9; 11%), and
a combination of better multimodal analgesia and staff
compliance (1/9; 11%).

Discussion

The aim of this study was to collect and summarize
HQHYVSN anesthetic and analgesic protocol information.
The results support this aim and show that there is over-
all consensus (59/66; 86%) with regard to satisfaction of
current protocols as well as provide unique insight into
significant trends that exist surrounding protocol deci-
sion-making and selection of specific medications.

The factors that most influenced anesthetic proto-
col choice were previous experience with the protocol
of choice (38/69; 52%), scientific literature (20/69; 29%),
and guidance from the Humane Alliance/ASPCA Spay/
Neuter Alliance (14/69; 20%). What is particularly inter-
esting is that when participants were asked to rank the
importance of implementing a protocol, peer reviewed
literature (28/86; 33%) and HQHVSN training recom-
mendations (26/86; 30%) received the 1% and 2" place
rankings, respectively. These results point to the fact that
the increased amount of HQHVSN resources and training
opportunities that are available to veterinary students and
veterinarians have impacted anesthetic protocol trends
that align more with a high-volume surgical setting. Cost
still remained an important factor among respondents.

With respect to anesthesia protocols in feline patients,
most respondents indicated using DKT or TTDex for
induction at 38% (35/91) and 33% (30/91), respectively.
One of the major benefits of using these protocols in a
HQHYVSN setting is the ability to use it as a total injectable
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Full-serivce
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1st Place
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3rd Place
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anesthetic combination. TTDex when used this way pro-
vides a surgical plane of anesthesia for 30 to 40 min with a
very rapid onset action of about 3 to 5 min after intramus-
cular injection.' Veterinarians and veterinary students in
these settings have been using safe, reliable HQHVSN sur-
gical techniques such as the feline ovarian pedicle tie, thus
producing shortened surgical and anesthetic times.!*? It
is not uncommon for trained HQHVSN surgeons to have
their feline ovariohysterectomy times be around 4-5 min
from open to close. By taking a total injectable anesthesia
approach, it eliminates the need for intravenous catheter
placement, endotracheal tube intubation, and many times
maintenance on inhalant anesthesia, which can prove
to be quite time consuming in this setting with a large
volume of animals and a relatively short surgical time.
A majority of respondents indicated that no additional
drugs were needed for maintenance anesthesia (73/91;
80%). While with a total injectable anesthetic approach,
this may be true, some of these responses may have been
attributed to how the survey question was written, with
inhalant anesthetics not being asked about specifically. It
is also important to note that many of these operations
have community cat management programs in place
that perform trap-neuter-release (TNR) on unowned,
free-roaming cats. Many of these cats are not able to be
handled, making these anesthetic protocols ideal with
regard to safety and administration. Therefore, these total
injectable anesthetic combinations are highly desirable in
these situations due to their wide safety margin as well as
from an efficiency standpoint.

In canine patients, there was a significant trend with
a majority of respondents using either acepromazine/
hydromorphone (24/91; 26%) or acepromazine/butorpha-
nol (23/91; 23%) as a premedication. This combination of
using a phenothiazine tranquilizer such as acepromazine
with that of an opioid analgesic agent such as hydromor-
phone or butorphanol has been termed neuroleptanalge-
sia and has been used widely in veterinary practice. This
combination provides balanced anesthesia through multi-
modal analgesia as well as sparing effects on the require-
ments of other anesthetics.”® For induction, a significant
majority of respondents indicated using the combination
of ketamine and midazolam (35/91; 39%). Using a disso-
ciative anesthetic such as ketamine in combination with
a benzodiazepine such as midazolam or diazepam allows
for a reliable, safe induction of anesthesia in healthy
canine patients, similar to that of propofol.?> While
propofol has been widely used as an induction anesthetic
in veterinary medicine, specifically general practice, in this
study, respondents only indicated its use 2.2% (2/91) of
the time. This finding is likely attributed to a few differ-
ent factors. Due to the aforementioned shortened surgical
and anesthetic times in a HQHVSN setting, it is a com-
mon practice to not place a catheter in these patients. It is

Spay-neuter anesthesia protocols

not ideal to administer propofol without an intravenous
catheter due to the larger volume as well as the fact that it
is administered to effect. On the other hand, midazolam
can be easily combined with ketamine in a single syringe
and administered intravenously without a catheter. This
combination is also likely preferred due to the cost per
patient. For example, in a 25 kg dog, clinic cost of 1.25
mL of ketamine (100 mg/mL) at a dose of 5 mg/kg would
be $0.93, and 2.25 mL of midazolam (5 mg/mL) at a dose
of 0.45 mg/kg would be $0.42. On the other hand, in the
same dog, clinic cost of 10-15 mL of propofol at a dose
of 4-6 mg/kg would be $6.10 to $9.15 (Teri B. Etheredge,
Pharm.D., Auburn University College of Veterinary
Medicine, email communication, April 18, 2024). With
regard to maintenance, most respondents indicated that
no additional drugs were needed (73/91; 80%). While
some of these responses could have been attributed to a
misunderstanding of the survey question, it is possible
that a total injectable anesthesia protocol, particularly
including Telazol, would be sufficient to accomplish sur-
gery on canine patients.

In veterinary medicine, perioperative pain management
is a vital component to the clinical success of our patients.
When addressing this, basic principles such as preemptive
use of analgesics, applying a multimodal approach, pro-
viding overlapping analgesia, and matching the provision
of analgesia to the degree of surgery are all extremely
important regardless of the surgical setting.?® Specifically,
this study evaluated the use of injectable NSAIDs, TGH
medications, and local anesthetics in these HQHVSN set-
tings. The combination of these analgesics with that of
opioids used in premedication and total injectable anes-
thetic protocols helps address these principles. The results
showed that, while a majority of respondents indicated
the use of injectable NSAIDs in their canine (67/106;
63%) and feline (63/106; 59%) patients, more than a third
of clinics did not use NSAIDs. Furthermore, the majority
of respondents indicated not using TGH medication or
local anesthetics in their current protocols. Some of these
trends do not appear to be in strong alignment with the
basic principles of perioperative pain management as pre-
viously discussed. These observations are likely attributed
to a number of factors. When considering the provision
of analgesia to the degree of surgery, it has been observed
that things like increased tissue trauma, nerve damage,
and more invasive/longer surgical procedures have been
related to more pain. Generally, experienced HQHVSN
surgeons tend to cause minimal tissue trauma and have
short surgical times compared to a more novice surgeon.
Additionally, spay-neuter surgeries tend to be somewhat
less invasive than other surgical procedures. Some respon-
dents who indicated not using TGH medications felt that
they were not needed. The use of an injectable NSAID
at the time of surgery will provide some overlapping/
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continuous analgesia typically for a period of 12-24 h.
The use of additional TGH medications may be indi-
cated; however, in these settings, there are factors such as
limited patient follow-up and postoperative pain assess-
ment that can inhibit identifying the need. Additionally,
many of the owned animals undergoing spay-neuter sur-
geries at these facilities tend to come from lower income
families where the cost of additional medications may be
prohibitive. Finally, given that the data were collected in
2017, it is possible that shifts are occurring such that clin-
ics are slowly adopting more NSAIDs or local anesthetic
techniques. Subsequent studies would be necessary to
document if this is occurring.

Regarding the use of local/regional anesthetics, such as
intratesticular blocks and incisional splash blocks, respon-
dents only indicated the use (41/102; 40%) of the time.
This is a pharmacologic modality that is still somewhat
new to these spay-neuter settings. Understanding, accep-
tance, and practical application appear to be the biggest
barriers to adding this into current protocols. However,
many of the current HQHVSN training facilities have
incorporated this into their protocols. As veterinarians
and veterinary students continue to train at this level, it is
expected that the understanding and use of this technique
will continue to rise.

Limitations

One limitation of this study is that these data were col-
lected in 2017, and some changes in anesthetic practice
have been observed by the authors (e.g. wider adoption
of local anesthetic techniques). Furthermore, some drugs
currently available (e.g. alfaxalone and transdermal
buprenorphine) were not available or widely used at the
time of the survey collection. Therefore, these data can-
not be used to document current trends in HQHVSN
clinics. This study should be repeated regularly to com-
pare the most current trends with this primary, historical
data. Another important limitation of this study was the
study design. Some of the questions in the survey were
presented in a free-response format with multiple queries
per question, and this resulted in a lot of non-responses.
Should this survey be repeated in the future, these ques-
tions can be formatted differently to help decrease this
ambiguity. Additionally, these results may not be a true
representation of HQHVSN clinics in the USA because
of the platforms that were used for distribution of the sur-
vey, thus not making it completely random. While this is
difficult to achieve, the authors would like to acknowledge
this potential bias in the clinics samples as a limitation.

Conclusion

This survey identified historical practices with regard
to anesthetic and analgesic protocols in HQHVSN
clinics. These practices are likely due to the increase in

opportunities made available to veterinary students at
HQHYVSN training facilities and academic institutions
that focus on continuous refinement of anesthesia proto-
cols based on the highest standard of quality. As these
opportunities continue and as shelter medicine evolves,
these results can be used as primary, historical data to
which future studies can compare.
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Appendix |. Questionnaire

1.

10.

What state is your spay/neuter clinic located in? For
those with multiple locations, please select the main
clinic location.

How long has the spay/neuter clinic been in operation?
How many full-time veterinarians perform spay/neu-
ter services?

How many veterinarians are in surgery at the same
time?

How many support staff/para staff are employed per
surgical doctor?

What is the average number of spay/neuter surgeries
performed per day?

How many days per week are spay/neuter surgeries
performed?

What is the approximate species and sex breakdown
of surgeries annually?

a. Dogs % Spays % Neuters %
b. Cats % Spays % Neuters %
i.  Owned % Feral/Free-roaming/

Community %

Do you routinely use injectable NSAIDs for your all
of your spay/neuter patients?

a. If yes, which NSAID, what dose, and when is it
given?

b. If no, which group(s) do you not use them in and
what is your reason for not using them in that
group?

Do you or your staff routinely perform local blocks
or splash blocks on spay/neuter patients?

a. If yes, list blocks and who is responsible for per-
forming them?

b. If no, what is your reason for not performing
them?

. Do you routinely prescribe pain medication for

patients postoperatively?

a. If yes, what medication, dose, and duration,
and what is your reason for prescribing them
routinely?

i.  Does this differ by ownership status?

1. If yes, what is the reason for the differ-
ential prescribing?
b. If no, what is your reason for not prescribing
them routinely?

12.

13.

14.

15.
16.
17.

18.
19.
20.

21.

22.

Analgesic protocols: Please detail any additional
analgesics you routinely utilize in your protocol (not
including NSAIDs, postoperative pain medications,
or local blocks), including drug dosages and differ-
ences by species or ownership status.

Anesthetic protocols: Please provide your current
anesthetic protocols (preanesthetics/premeds, induc-
tion drugs, and maintenance drugs), including drug
dosages and differences by species or ownership
status.

How are anesthetized animals monitored?

a. Manual monitoring only

b. Combination of manual
monitoring

c. Electronic monitoring only

and electronic

If manual monitoring is employed, please describe:
If electronic monitoring is employed, please describe:
Who is responsible for making decisions relating to
anesthetic/analgesic protocols? Include all that apply,
in order of who has the most responsibility

Lead Veterinarian/Medical Director
Staff Veterinarian(s)

Veterinary technicians

Veterinary assistants

Executive Director/CEO

o a0 o

How did you decide on your current protocol?

When did you implement your current protocol?
How do you perform cost analyses before switching
part or all of your anesthetic/analgesic protocol?
How important are each of the following in deciding
whether to include or change an element in an anes-
thetic/analgesic protocol? Please order by importance.

a. Cost
Acceptability with other HQHVSN practitioners

c. Acceptability with full-service practitioners in
area

d. Recommendations from HQHVSN training
facilities (i.e. Humane Alliance, Emancipet, etc.)

e. Recommendations from veterinary-based infor-
mation services (e.g. VIN, webinars, etc.)

f.  Recommendations based on peer-reviewed
literature

Are you satisfied with your current anesthetic/anal-
gesic protocol?

a. If not, what would you like to change, and what
are the barriers to changing?
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