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Abstract

Introduction: Perioperative inadvertent hypothermia (PIH) can prolong anesthetic recovery
times. Study goals included determining PIH incidence (rectal temperature<36°C (96.8°F))
in the high-quality high-volume spay/neuter (HQHVSN) setting and evaluating associations
between environmental temperature and PTH incidence. Secondary objectives included evalu-
ating associations between PIH incidence, anesthesia recovery times, and postoperative pain.
Methods: Prospective observational cohort study conducted at five HQHVSN shelters enrolling
dogs undergoing ovariohysterectomy or castration and cats undergoing ovariohysterectomy.
Blankets and electric heating pads were only used routinely in the immediate postoperative
period. Regression models were used to evaluate associations between PIH incidence, environ-
mental temperature, and pain data.

Results: One hundred and forty dogs undergoing 65 castrations and 75 ovariohysterectomies,
and 161 cats were enrolled. Mean surgical times were 19.6 (8.0) min (canine ovariohysterec-
tomies), 7.2 (3.0) min (canine castrations), and 10.6 (3.6) min (feline ovariohysterectomies).
PIH incidence was 22% (95% CI = 17-27). The risk of developing PIH was associated with
environmental temperature, with a 22% increase in the odds of experiencing PIH for each
degree centigrade decrease in environmental temperature (OR = 1.22, 95% CI = 1.03-1.44,
P = 0.02) over a recorded range of 15.6-26.1°C (60.1-79.0°F). In cats, PIH was associated
with a prolongation of time to extubation by 3.8 min (95% CI 2.27-5.37, P = 0.01). On aver-
age, each degree centigrade reduction in rectal temperature at extubation was associated with
an increase in pain scale of 0.51 units (95% CI = 0.06-0.97, P = 0.03) for both species. In
dogs, each degree centigrade reduction in rectal temperature at extubation was associated with
a reduction in mechanical threshold (indicating increased sensitivity to pain) of 1.40 N (95%
CI = 0.44-2.35, P = 0.004).

Conclusion: PIH is common in a spay/neuter population despite rapid surgical times and is
associated with prolonged anesthetic recovery in cats and increased postoperative pain in cats
and dogs. Raising the environmental temperature in operative and recovery areas may reduce
incidence.
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in cats and dogs when core temperatures fall in

association with anesthesia and surgery.!? This
may occur due to radiant, conductive, or evaporative
heat loss in conjunction with anesthesia-related vasodila-
tion and loss of normal thermoregulatory mechanisms.
Anesthesia-related vasodilation can cause redistribu-
tion of heat from the core to periphery resulting in core

Perioperative inadvertent hypothermia (PTH) occurs

temperature decreases.! Several negative secondary effects
of PIH in small animals have been identified, including
prolonged anesthetic recovery** and prolonged postop-
erative anorexia.* In human adult patients undergoing
anesthesia and surgery, PITH has additionally been asso-
ciated with increased blood loss,® increased surgical site
infection rates,® and exacerbation of postoperative dis-
comfort.” In human infants, PIH has been associated with
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hypotension, cardiac arrhythmias, and desaturation'
prompting PIH to be made the subject of a number of
quality improvement initiatives.'*!?

Identification of the negative outcomes associated
with PIH has resulted in an emphasis on its prevention in
human and veterinary surgical care through both raised
environmental temperatures in surgical and induction
areas*!> and active patient warming measures.'* However,
patient warming equipment may not represent a financial
priority in primary care or shelter practice, and manpower
for both temperature monitoring and individualised
patient warming measures may be lacking. Maintaining
higher environmental temperatures may be challenging to
implement when induction and surgical areas are multiuse
in nature.

The incidence of PIH has been assessed at 32-35% in
dogs and 50-71% in cats in studies assessing veterinary
surgical populations at teaching hospitals'>* but is poorly
described in the high-quality high-volume spay/neuter
(HQHVSN) setting. The incidence may be substantially
lower in spay/neuter practice or primary care, where sur-
gical and preoperative preparation times are typically
shorter and clip areas smaller. While there have been
recent advances in postoperative pain management and
anesthetic protocols that provide for rapid recovery times
in animals undergoing out-patient procedures,"” there is
a paucity of information available on PIH incidence and
impact on outcomes in this setting.

The objective of this study was to determine the
incidence of PIH (defined as a temperature <36°C
(96.8 °F)) in a high volume spay/neuter setting with
facilities typical of those seen in primary care practice
and to identify any associations between environmental
temperature and PIH incidence in this surgical popu-
lation and setting. Secondary objectives were to assess
the relationship between PIH and anesthesia recovery
times and to assess the relationship between patient
extubation temperature and postoperative pain levels 1
h following extubation.

Methods

Study Design and Inclusion Criteria

This was a prospective observational study conducted
at five animal shelters located in upstate New York area
(IACUC exemption 50719-04 Cornell University College
of Veterinary Medicine). The shelters hosted sterilization
services provided by a single local non-profit corporation
(Shelter Outreach Services). The sterilization services met
or exceeded the guidelines set by the Association of Shelter
Veterinarians for HQHVSN programs.'® The sterilization
programs were staffed with varying personnel; however,
the staffing structure consisted of a shelter veterinarian
with a high level of experience in spay/neuter surgery

assisted by a licensed veterinary technician. In addition,
between two and four volunteer staff were provided by
the shelter partner. Sterilisation services were provided
to homeless dogs and cats, as well as dogs and cats from
local rescue groups, low-income homes, and barn or feral
cats. A convenience sample of surgical cases consisting
of cat or dog spays and dog castrations was enrolled in
summer over 14 days of observation between May 25th
and August 25th 2019. Eligibility criteria consisted of pre-
sentation for cat spay, dog spay, or dog castration. Feral
animals were defined as dogs that required a rabies pole
to handle or cats that required the use of a squeeze cage
to handle.

Animals Presenting for Any Additional Procedures Were Excluded
Standardized anesthesia protocols were used. Briefly, for
dogs, these consisted of premedication with butorphanol
0.2 mg/kg and dexmedetomidine 3-7 mcg/kg (depend-
ing on tractability) given IM followed by induction with
a ketamine/midazolam mixture given IV at a dose of
10 mg/kg ketamine/0.2 mg/kg midazolam. Dogs were
then intubated and anesthesia maintained with isoflu-
rane inhalant in 100% oxygen. Tractable cats received an
identical protocol. Feral cats that could only be handled
with a squeeze cage received an entirely IM protocol con-
sisting of dexmedetomidine 35 mcg/kg, butorphanol 0.3
mg/kg, and ketamine 5.0 mg/kg IM. Following sedation
100% oxygen was provided. Prophylactic antibiosis was
provided with ampicillin. Postoperative analgesia was
provided with meloxicam given subcutaneously prior to
induction. Animals did not routinely receive any reversal
agents. Rescue analgesia was provided as needed at the
discretion of the supervising veterinarians.

Thermal care was provided at the discretion of the
clinical personnel—available equipment consisted of
blankets and electrical heating pads. Electrical heating
pads were used with a towel interposed between the
pad and the animal. Data collection was performed by
a single unblinded individual (JRD) following a writ-
ten protocol and using an electronic data entry system
(RedCap). Dogs were extubated once the swallowing
reflex returned. Cats were extubated when they were
showing return of jaw tone/ear flick.

Data Collection

Animals that satisfied the eligibility criteria (cat spays,
dog spays, and castrations) were enrolled consecutively on
arrival and followed until 1 h post-extubation. Data col-
lected included species, sex, estimated age, body weight,
whether the animal was feral, ASA physical status clas-
sification, clip area as an estimated % of total body area,
and any thermal care measures provided. Clip area was
estimated using the Henrikkson body mapping chart.!”
The nature of the surgical procedure and the surgical
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time was also recorded. Environmental temperatures were
measured using mercury thermometers and did not vary
between the induction, surgery, and recovery areas.

Rectal temperature was measured at several time points
using a calibrated electronic rectal thermometer (Welch
Allyn Sure Temp Plus 690/692) with a temperature probe
cover. Thermometer calibration was performed using a
heat block. Time points for temperature measurement
consisted of pre-medication, induction, the start and
end of surgery, extubation, and 1 h following extubation.
The animal was recorded as experiencing PIH if the rec-
tal temperature fell below 36.0°C (96.8°F) at any time
point. This cut-point was selected as within the range of
‘moderate hypothermia’ defined in previous studies'? and
associated with negative clinical outcomes in other veter-
inary populations.* The thermometer measurement range
was 26 to 44°C (78.8-111.2°F). The intraoperative rate
of temperature decline was calculated as the temperature
at the end of surgery subtracted from the temperature at
the start of surgery divided by the duration of surgery for
each patient.

The time period from the end of surgery until the
point at which the patient had recovered a swallowing
reflex (dogs) and return of jaw tone/ear flick (cats) and
could be safely extubated was recorded. Feral animals
were excluded from the analysis of this endpoint, as they
were typically extubated early to avoid injury to staff or
in some cases not intubated. Descriptive data on the feral
animal population were retained.

Global patient postoperative pain was assessed 1 h fol-
lowing extubation using the 10-item, four-domain feline
composite pain scale'®in cats (range 0-28) or the short form
Glasgow Composite Measure Pain Scale (CMPS-SF)Y
in dogs (range 0-24), where temperament allowed. Pain
scoring was not performed in feral animals. Systolic blood
pressure was measured for pain scale calculation using a
9.7 MHz doppler ultrasound infant-style probe and unit
(Model 811-BTSA; Parks Medical Electronics, Las Vegas,
NV) except where the animal could not be safely handled.
Following pain scoring, peri-incisional pain was assessed
using mechanical threshold testing with a force algome-
ter installed with a 2-mm probe head (Prodplus; Topcat
Metrology, Little Downham, Cambridgeshire, United
Kingdom). The threshold was recorded as the average
of three consecutive pressure readings, with the probe
applied 1 cm lateral to the surgical incision and the thresh-
old taken as any pain response.

Statistical Methods

Continuous data were assessed for normality using the
Shapiro-Wilk test and expressed as mean (SD) where
normal and median (interquartile range (IQR)) where
not normal. IQR was expressed as the 25th percentile to
the 75th percentile. Categorical data were expressed as a
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proportion together with the group numerator (r) with
95% confidence intervals where appropriate. Targeted
group comparisons for categorical data were made using
the chi-squared tests when cell numbers were>5 or the
Fishers exact test when <5. Group comparisons for con-
tinuous data were made using the t test where data were
normal and the Mann—Whitney test when data were not
normal. Differences in proportional incidence of PIH
between surgical procedure groups were tested using logis-
tic regression with a group indicator variable. The odds
ratio for the association between PIH incidence and envi-
ronmental temperature was calculated using univariable
logistic regression. Goodness of fit was assessed using the
Hosmer Lemeshow test. Prior to pooled analysis, canine
pain score data were re-scaled to place it on the same 0-28
scale as the feline data. Associations between pain score
data and rectal temperature at extubation were assessed
using linear regression. The effect of species and proce-
dure type were evaluated as a covariable together with
their interaction terms. Model assumptions were checked
using the Cook-Weisburg test, graphical assessment of
normality of residuals, and Lowess plots to assess linear-
ity across the data range. Associations between mechan-
ical threshold data and rectal temperature at extubation
were assessed in a similar manner. Statistical significance
was set at P < 0.05. All statistical calculations were per-
formed in Stata 16.0 (StataCorp).

Results

Patient and Procedural Information

Procedures were performed on 161 cats and 140 dogs that
were presented to shelters for neutering. The canine sur-
gical procedures consisted of 65 castrations and 75 spays,
while all feline procedures were spays. No data from any
patient were excluded. Mean (SD) body weight was 2.60
(0.89) kgs for cats and 17.15 (12.79) kgs for dogs. The
median (IQR) estimated age was 1.0 year (0.6-1.8) for
dogs and 1.0 year (0.3-1.0) for cats. Feral animals made
up 8% (11/140) of the dog and 22% (35/161) of the cat
populations. ASA 1 status was considered appropriate for
99% (138/140) of dogs and 98% (158/161) of cats. Clip
areas consisted of 5% (0.8) of total body area for dog cas-
trations, 9% (0.5) for dog spays, and 9% (0.2) for cat spays.
Mean (SD) surgical times were as follows: canine castra-
tions 7.2 (4.3) min, canine spays 19.6 (8.0) min, and feline
spays 10.6 (3.6) min.

Thermal care during surgical procedures consisted of
one cat receiving an electrical heating pad and a blan-
ket and one dog being placed on an electrical heating
pad, both of which occurred after PIH developed. In
the immediate postoperative recovery period between
the end of surgery until extubation, 76% (123/161) cats
and 73% (102/140) dogs received thermal care consisting
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of some combination of a blanket/electrical heating
pad. Following extubation, 27% (43/161) cats and 38%
(53/140) dogs received thermal care consisting of blan-
kets. Environmental temperatures fluctuated between 15.6
and 26.1°C (60.1-79.0°F) with a mean/SD of 21.6 (1.7)°C
(70.8 (3.1)°F) over the 14 observed days.

Hypothermia Incidence

The overall incidence of PIH was 22% (66/301; 95%
CI = 17-27). Point estimates of PIH incidence varied among
the different surgical procedure groups (dog castrations
= 20% (13/65), dog spays = 16% (12/75), cat spays = 26%
(41/161), but these between-group differences did not reach
statistical significance (P = 0.23). However, the severity of
the PIH was marginally greater in cats compared with dogs.
In cats, the median lowest recorded temperature in each cat
was 36.6 (35.9-36.9)°C (97.9(96.7-98.5)°F) compared with
36.9(36.4-37.5)°C (98.4(97.5-99.5)°F) in dogs (P < 0.001).

The highest risk period for the development of PIH was
between the end of surgery and extubation. Sixteen ani-
mals (8 cats, 8 dogs) developed PIH by the end of surgery,
with 38 more (26 cats, 12 dogs) by the point of extubation
and 12 more (7 cats, 5 dogs) by 1 h post-extubation.

The fluctuations in median rectal temperature over the
perioperative period for the different species are illustrated
in Fig. 1. For 29% of animals (13% cats, 16% dogs; 39/161
cats, 48/140 dogs, 301 animals total), rectal temperatures
continued to fall rather than rise following extubation. On
average, the rate of decline of body temperature during
surgery was more rapid for cats at 0.10 (0.05)°C/min than
for dogs at 0.04 (0.06)°C/min. This difference was signif-
icant by a two-tailed test for unpaired samples (z 299 =
8.32, P <0.001).

Association Between Hypothermia Incidence and Environmental
Temperature

The overall risk of developing PIH across all surgical
groups was associated with environmental temperature,
with a 22% increase in the odds of experiencing hypo-
thermia for each degree centigrade decrease in environ-
mental temperature (OR = 1.22, 95% CI = 1.03-1.44,
P = 0.02, n = 301). Post-estimation Hosmer Lemeshow
P = 0.27 implying appropriate model calibration. In sub-
group analysis by species, the association between PIH
and environmental temperature was stronger in cats with
a 34% increase in likelihood (OR = 1.34, 95% CI = 1.08-
1.67, P = 0.01, n = 161) versus dogs (OR = 1.28, 95%
CI = 0.95-1.73, P = 0.10). The results of subgroup anal-
ysis by species and surgical procedure are shown in Figs.
2 and 3. Each degree centigrade decrease in environmen-
tal temperature was associated with a 34% increase in the
odds of hypothermia in the cat spay group (OR = 1.34,
95% CI = 1.05-1.63, P = 0.007, n = 161). The strength
of the associations fell to 31% and 25% in the dog spay
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Figure 1. Change in rectal temperatures over the mean surgi-
cal phase times of cats undergoing spay and dogs undergoing
spay and neuter procedures.

(OR = 1.31, 95% CI = 0.77-1.85, P = 0.21, n = 75) and
dog castration groups (OR = 1.35, 95% CI = 0.71-1.79,
P =0.32, n = 65) with loss of statistical significance.

Association Between Hypothermia and Anesthetic Recovery Time
The mean time period from the end of surgery until extu-
bation in hypothermic cats was 14.2 (8.6) min and in the

4 Citation: Journal of Shelter Medicine and Community Animal Health 2023, 2: 27 - http://dx.doi.org/10.5677 | /jsmcah.v2.27


http://dx.doi.org/10.56771/jsmcah.v2.27

OR=1.31, 95% CI=0.77-1.85, n=75
dog spay - H—e—

: OR=1.25, 95% CI=0.71-1.79, n=65
dog neuter - ——eo—

: OR=1.34, 95% CI=1.05-1.63, n=161
cat spay - He o
T Ll L) Trrry ; L] Ll Ll L B B I
0.1 1 10

Odds ratios
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Figure 3. Logistic regression generated predicted probabili-
ties of PIH by surgical procedure group over the range of envi-
ronmental temperature. Only the association in cats reached
statistical significance (OR = 1.34, 95% CI = 1.08-1.67,
P =0.01).

non-hypothermic cats was 10.4 (7.0) min. This difference
was significant by a two-tailed test for unpaired samples (t
124 = -2.55, P = 0.01) and represented a mean prolonga-
tion of extubation time of 3.8 min (95% CI = 2.27-5.37)
with hypothermia.

A difference was identified in point estimates of mean
extubation times between hypothermic and nonhypother-
mic dogs (15.4 min vs. 14.5 min); however, this difference
was not significant by a two-tailed test for unpaired sam-
ples (1 127 = -0.38, P = 0.70).

Association Between Hypothermia and Postoperative Pain

Pain scores and mechanical thresholds were assessed in
126 cats and 129 dogs. A multivariable linear regression
model with pain score as the outcome and rectal tem-
perature at extubation, species, and surgical procedure as
predictor variables together with their interaction terms

Perioperative hypothermia in an HQHVSN setting
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Figure 4. Predicted population averaged pain score means
with 95% CI by species with the underlying raw data. Pain
score data for dogs was re-scaled to place it on a 0-28 range.
The loss of the surgical procedure/ species interaction term
from the model implied that there was no difference in the
rectal temperature/ pain score association between dog cas-
trations and dog spays, so the results are represented at the
species level.

was assessed. Following backward elimination, rectal
temperature at extubation and species with no interac-
tion effect were retained in the final model. The loss of
the surgical procedure/species interaction term from the
model implied that there was no difference in the rectal
temperature/pain score association between dog castra-
tions and dog spays, so the results are represented at the
species level. The Cook-Weisburg test indicated appro-
priate homoscedasticity (P = 0.27), residual distribution
appeared normal and a Lowess plot suggested linearity.
On average, each degree centigrade reduction in rectal
temperature at extubation was associated with an increase
in pain scale of 0.51 units (95% CI = 0.06-0.97, P = 0.03)
for both species. Across the range of extubation tempera-
tures identified, dogs had an average decrease in pain scale
units of 2.50 (95% CI = 1.61-3.35, P < 0.001) compared
with cats. The linear model predictions for population
mean pain score by species are shown in Fig. 4.

Similar to above, an additional multivariable linear
regression model with mechanical threshold as the out-
come and rectal temperature at extubation, species, and
surgical procedure as predictor variables together with
their interaction terms was assessed. Following backward
elimination, an association between mechanical thresh-
old and rectal temperature at extubation was identified
only in dogs. The Cook-Weisburg test indicated appro-
priate homoscedasticity (P = 0.37), residual distribution
appeared normal, and a Lowess plot suggested linearity.
On average, each degree centigrade reduction in rectal
temperature at extubation was associated with a reduc-
tion in mechanical threshold (indicating increased sensi-
tivity to pain) of 1.40 N (95% CI = 0.44-2.35, P = 0.004).
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Figure 5. Predicted population averaged mechanical thresh-
old means with 95% CI and underlying raw data in dogs. The
association between extubation temperature and mechanical
threshold in cats did not reach statistical significance.

The linear model predictions for the population mean
of mechanical threshold in dogs over the range of rec-
tal temperatures at extubation are shown in Fig. 5. The
association between extubation temperature and mechan-
ical threshold in cats did not reach statistical significance.
Each degree centigrade reduction in rectal temperature at
extubation was associated with a reduction in mechanical
threshold of 0.16 N (95% CI = -0.15-0.47, P = 0.32).

Discussion
The results of this study confirmed that PIH is a common
complication, affecting approximately one in five animals,
even in the context of a spay/neuter surgery population
with experienced surgeons and short surgical times. This
is similar to the baseline incidence identified in a study
investigating human neonatal surgical populations.!?
Investigators in that study reduced incidence by half
through a collaborative approach led by clinical teams
that included measures such as routine temperature moni-
toring, active patient warming from the point of transport
to the anesthesia area and onwards, and raising operat-
ing room temperatures to a minimum of 23.3°C (74.0°F).
Parallel improvements may be possible in veterinary pop-
ulations through both the implementation of educational
measures directed at informing clinicians about the nega-
tive impacts of PIH as well as interventional changes.
Similar to previous studies,* this study identified an
association between environmental temperature and the
incidence of PIH. The average temperature observed
during this study was 21.6°C (70.9°F), with a 22%
increase or decrease in odds of PIH for each degree cen-
tigrade fall or rise away from this point. This is unsur-
prising since the lower the environmental temperature
relative to the patient’s core temperature, the steeper the
gradient for heat loss. Local active warming measures are

unlikely to be able to fully reverse this effect, as access to
and exposure of the patient for surgical preparation and
procedures are required, preventing the effective creation
of a patient ‘heat bubble’ within a cold environment. The
optimal room temperature to minimise PIH in the anes-
thetised patient may not be the room temperature desired
by the surgical team to maximize comfort and working
efficiency, and temperatures selected typically reflect a
balance between these competing demands. Studies con-
ducted on human patient populations investigating the
utility of raising environmental temperatures to combat
PIH incidence have found temperatures ranging from 23
to 23.9°C (73.4 to 75°F) (contrary to the average 21.6°C
(70.9°F) observed in this study) to be effective in reduc-
ing PIH incidence in both neonatal and adult populations
by 30 to 50%,'>2**! while a study in cats and dogs found
that raising the environmental temperature from 19.9
to 23.9°C (67.8 to 75°F) was associated with a PIH risk
reduction of 63%.*

The current study did not attempt to characterize the
perceptions of clinical staff regarding PIH or the barriers
to prevention. However, the impression of the investiga-
tors was that one of the greatest impediments to change
was the lack of knowledge regarding the negative effects
of PIH on patients coupled with the preference of clini-
cal staff for low environmental temperatures to create a
comfortable working environment. For this reason, we
strongly suggest that interventional studies in the clinical
setting consider staff engagement prior to implementing
any environmental modification measures.

As shown in Fig. 1, this study found that core tempera-
ture began to fall from the point of induction onwards,
with the greatest rate of fall occurring during the surgi-
cal procedure, but with the fall persisting between the
end of the procedure and extubation. Based on these
findings, efforts should be focused on actively warming
from the point of induction onwards, if not sooner. In
a study focused on re-warming dogs that became hypo-
thermic rather than PIH prevention, 97% of dogs were
hypothermic on extubation and 25% of them remained
hypothermic 3.5 h later, even after intensive monitoring
and warming efforts.?” Similar to a study in human neo-
nates undergoing surgical procedures,'’ the majority of
dogs became hypothermic following the conclusion of
the surgical procedure. This suggests that care provid-
ers need to be aware of this as the high-risk period, as
monitoring may often be downregulated at this time and
active warming measures withdrawn while the patient is
moved.

Similar to other studies,** this study found an associ-
ation between PIH and prolonged recovery times. This
association reached statistical significance in cats but not
dogs. We suspect that this was due to a greater magnitude
of effect in cats due to their average smaller body size, as
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well as lack of power in the dog group. The association
between PIH and delayed recovery is unsurprising given
that PIH has been shown to increase anesthetic potency,
decrease drug metabolism and reduce cognitive perfor-
mance.? It is likely that routine reversal of reversable
anesthetic agents (such as dexmedetomidine) would have
reduced PIH incidence and severity.

The associations identified between lower patient tem-
peratures at extubation and increased pain levels assessed
1 h later were interesting and are similar to associations
identified in human patient populations. Human patients
who were hypothermic following total knee arthroplasty
had increased postoperative opioid use compared to non-
hypothermic patients* while in another group thermal
discomfort was reported as worse than surgical discom-
fort.”® The increased catecholamine surge that occurs
during PIH has been hypothesized to increase pain
sensitization.”

This study suffered from several design limitations that
limit the conclusions that can be drawn. Animals were
recruited over a convenience sample of only 14 days of
observation during the summer in five shelters in a single
US state. It is possible that incidence of PIH may be dif-
ferent at other times of the year or latitudes, and that the
presence of the observer may have altered clinical behav-
iors over the course of the study. In addition, due to an
oversight in the data collection protocol, no site-specific
indicator was recorded. This limited the ability to control
for site-specific data variation and may have affected the
results. Further, perioperative thermal care provided was
limited and variable, with no forced air warmers in use.
This may have accentuated the impact of environmental
temperature on PIH. And finally, although the time from
the end of surgery until extubation was selected as a proxy
for anesthesia recovery time, monitoring and extubation
were performed by a single technician who was multitask-
ing in other areas. This may have resulted in some impre-
cision in identifying each patient’s ideal extubation point
and have contributed to the lack of association found
between PIH and recovery times in dogs.

Conclusion

In conclusion, this study identified that PIH is common
in high-volume spay/neuter shelter settings with limited
manpower and equipment, and that incidence is associ-
ated with environmental temperatures. Raising the ambi-
ent environmental temperature minimum to around 23°C
(73.4°F) may be a simple, low-cost measure to reduce inci-
dence and improve outcomes, including reduced anesthe-
sia recovery times and reduced pain.
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