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Purpose: To compare rectal and aural temperatures in canines presenting to a small animal emergency room.

Patients and Methods: We performed a prospective cohort study conducted between June 2022 and October 2022. One hundred and
fifty-two dogs were evaluated that were presented to a private practice emergency room. Temperatures were obtained on presentation
using both an aural Braun ExacTemp and a rectal Vet-Temp Rapid Digital Thermometer. The order of temperature measurement was
randomized and recorded. Dogs were classified into three groups based on recorded temperature; normothermic (n = 105), hypother-
mic (n = 24), and hyperthermic (n = 23). Additional recorded parameters included: patient signalment, heart rate, respiratory rate,
presence or absence of aural debris, coat length (classified as short, medium or long), body weight, body condition score, pain score, as
well as venous lactate and non-invasive blood pressure, if performed.

Results: The overall aural temperatures were significantly lower than rectal temperatures. The average rectal and aural temperatures
were 38.7°C (range 36.6-40.7°C) and 38.3°C (range 35.7°C—40.4°C), respectively. Among all canines, there was a moderate,
statistically significant relationship between rectal and aural temperatures (r = 0.636; p < 0.001) and this relationship remained
significant with a weaker relationship for normothermic dogs (r = 0.411; p < 0.001). For hyperthermic and hypothermic dogs, there
was not a statistically significant relationship between rectal and aural temperatures. Hyperthermic dogs had a significantly higher
respiratory rate than other groups and hypothermic dogs were more likely to have a short haircoat. Lastly, ambient temperature, but not
humidity, influenced patient temperature.

Conclusion: Our study found aural temperatures were consistently lower than rectal temperatures in dogs with both normal and
abnormal rectal temperatures. Aural thermometry may not be an acceptable method of temperature measurement in the emergency
patient cohort.
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Introduction

Evaluation of body temperature is an integral component of the physical exam. Currently, rectal temperature (RT)
measurement is the gold standard in conscious veterinary patients." RT in these animals correlates well with the core
body temperature as measured via more invasive techniques (ie, esophageal temperature and pulmonary arterial
temperature).” However, rectal thermometry has several disadvantages, including contribution to patient stress, potential
for patient injury, and prolonged time for measurement compared to alternative non-invasive measures, such as aural or
corneal temperature.'** Moreover, RT may be affected by the presence of feces, rectal diseases or tumors, and
alterations in local blood flow in shock states.’

As the tympanic membrane shares blood flow with the hypothalamus, aural temperature (AT) measurement might be
more representative of vital organ temperature than RT in the setting of hemodynamic compromise.® AT is reportedly
unaffected by the presence of aural debris or otitis externa in dogs.” Veterinary studies evaluating AT in healthy
anesthetized and hospitalized dogs have demonstrated variable reliability of ATs across reports.>** ' In the studies
that showed poor correlation between these measurement techniques, AT underestimated RT.?%!%!!
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The reliability of aural thermometry in veterinary medicine remains controversial, and studies on its use in hyper- and
hypothermic patients are few.>® Further, to the authors’ knowledge, there are no studies assessing the agreement between
rectal and AT measurement in small animal patients presenting to an emergency room (ER). The goals of the current
study were to compare rectal and ATs in emergent canine patients. We expect that dogs presenting to the ER will have
good agreement between aural and RT when normothermic but that aural thermometry will underestimate RT in hypo-
and hyperthermic patients.

Materials and Methods

All canine patients presenting to the ER were eligible for enrollment. Recorded patient parameters included: heart rate,
respiratory rate, breed, presence of aural debris, coat length (classified as short, medium or long), weight, body condition
score (1-9, where 1 is thin and 9 is obese; determined by Royal Canin Body Condition Score Chart)®, pain score (04,
where 0 is comfortable and 4 is the most painful; determined by Colorado State University Canine Acute Pain Scale).®
All dogs were included in the study. Temperatures were obtained on presentation using two sets of labelled study
thermometers including: one aural Braun ExacTemp?®; and one rectal Vet-Temp Rapid Digital Thermometer®. For each
patient, the aural thermometer probe tip was covered by a new disposable plastic barrier cup while the rectal thermometer
was covered by a disposable plastic sheath and lubricated for rectal insertion (at least 2 cm along the rectal mucosa). Pre-
calibrated ambient humidity and temperature indicators® were present in the vicinity of temperature measurements and
environmental humidity and temperature were recorded during each patient temperature measurement.

The order of temperature measurement was randomized for each patient and the order of measurement and
temperature values were recorded. All temperatures were measured by emergency and critical care staff (veterinary
assistants, technicians, and clinicians) within five minutes of arriving to the treatment area. For the purposes of this study,
dogs with a mean RT ranging from 37.8°C to 39.5°C were classified as normothermic (group 1, n = 105), whereas dogs
with lower and higher RT measurements were classified as hypothermic (group 2, n = 24) and hyperthermic (group 3, n =
23), respectively.'? The study protocol was reviewed and approved by the Institutional Animal Care and Use Committee
and owner consent was waived as acquirement of temperature was considered standard of care in the enrolled patients.

Statistical Analyses

Univariate statistics are presented for heart rate, respiratory rate, body condition score, pain score, whether the dog breed
was brachycephalic, the presence of aural debris, and coat length, all as factors which may influence temperature. The
statistical significance of variation in these measures across temperature groups was assessed using analysis-of-variance
(ANOVA) for continuous measures and Pearson’s chi-squared tests for categorical variables. The difference between
aural and RT was evaluated using a paired sample ¢-test. Normality of all key measures was evaluated using the Shapiro—
Wilk test. Bartlett’s test for equal variance was used to assess the equal variance assumption. No measures violated the
equal variances assumption, and only the respiratory rate exhibited signs of non-normality. To correct for this, the
natural log of the measure was taken, which improved normality, and all analyses involving the respiratory rate were re-
run using this measure as a sensitivity analysis. Findings did not substantively differ when logged respiratory rate was
used instead of the original measure.

Pearson correlations were used to assess the strength of the relationship between rectal and AT overall and within
each temperature group. To examine the agreement between rectal and AT, Bland-Altman plots were used and key values
from these plots were reported. Lower and upper limits of the 95% levels of agreement are used to assess how well these
two measures agree using a maximum clinically acceptable difference in temperature at 0.3 °C.

Linear regression with White’s heteroscedasticity-corrected standard errors was used to determine the influence
ambient temperature and humidity on patient rectal and AT. These models were also run controlling for heart rate,
respiratory rate, body condition score, pain score, whether the dog breed was brachycephalic, the presence of aural
debris, and coat length. The level of significance was set to a P-value of <0.05. Analyses were estimated using Stata 17.
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Results

One hundred and fifty-two dogs were enrolled in the study. Dogs in this study had an average heart rate of 128 beats
per minute (range 40-240 beats per minute) and an average respiratory rate of 70 breaths per minute (range 16—180
breaths per minute). Approximately 23% (35/152) of dogs were brachycephalic and 23% (35/152) demonstrated aural
debris on exam. Fifty-four percent (82/152) of dogs had short haircoats, 31% (47/152) medium length coats, and 15%
(22/152) long length coats. The average body condition score was 5/9 and the average pain score was 0/4. The following
factors were not different across temperature groups: heart rate; breed; presence of aural debris; sex; body condition
score; and pain score (Table 1). Respiratory rate, however, did vary by temperature group, with hyperthermic dogs having
significantly higher respiratory rates than normothermic or hypothermic dogs (p < 0.05). Coat length also varied across
temperature groups, with hypothermic dogs being much more likely to have a short coat than normothermic or
hyperthermic dogs (p < 0.05).

The average rectal and ATs were 38.7°C (range 36.6—40.7°C) and 38.3°C (range 35.7°C—40.4°C), respectively. The
difference between aural and RT is statistically significant (p < 0.001), with AT lower on average than RT. When
evaluating the full sample of all enrolled canines, there was a moderate, statistically significant relationship between
rectal and ATs (r = 0.636; p < 0.001). This relationship is weaker but still statistically significant for normothermic dogs
(r=10.411; p <0.001). For hyperthermic and hypothermic dogs, there is not a statistically significant relationship between
these two measures and aural thermometry consistently underestimates RT (Table 2).

A maximum clinically acceptable difference was determined as 0.3°C and the difference between rectal and AT was
greater than this difference (Figure 1). Further, via Bland-Altman analysis, it was determined that while agreement is
strongest for normothermic dogs, weaker for hyperthermic, and even weaker for hypothermic dogs, for the overall
sample and each temperature group, lower and upper levels of agreement are notably greater than 0.3°C (Table 3).

Table | Patient Demographics

Group | (Normothermic) | Group 2 (Hypothermic) | Group 3 (Hyperthermic)

Number of dogs 105 24 23
Ages (years;median, range) 6.5 (0.3-17.5) 6.0 (0.1-15.0) 3.5 (0.4-16.0)
Weight (kg;median, range) 9.0 (2.1-54.2) 6.9 (0.5-24.6) 7.6 (3.8-35.1)
Males:

Intact 16 6

Neutered 39 10 5
Females:

Intact 7 3 0

Spayed 40 4 10
Aural Debris:

Yes 28 4 3

No 76 20 20

Table 2 Pearson’s Correlation Between Rectal and Aural Temperature by Temperature Group

Overall | Normothermic | Hyperthermic Hypothermic
Correlation Coefficient 0.636 0411 0.054 0.149
p-value 0 0 0.807 0.488
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Figure | Bland-Altman box plot assessing agreement of aural and RTs and if their difference is clinically acceptable (ie < 0.3 °C). Notes: The bottom and top edges of the
boxes for each cohort indicate the interquartile range, the horizontal line bisecting the box indicates the median value.

Lastly, there was a statistically significant relationship between ambient temperature and both rectal and AT, but

no relationship between humidity and either rectal or AT. Controlling for heart rate, respiratory rate, body condition

score, pain score, skull conformation, the presence of aural debris, or coat length did not alter either of these

findings (Table 4).

Table 3 Agreement Between Rectal and Aural Temperature Using Bland-Altman Analysis by Temperature Type

Overall | Normothermic | Hyperthermic | Hypothermic
Bias (Mean Difference) 0.358 0.404 0.662 —0.134
SD of Bias (Mean Difference) 0.713 0.638 0.675 0.839
Lower Limit of 95% Levels of Agreement —1.04 —0.847 —0.661 -1.779
Upper Limit of 95% Level of Agreement 1.756 1.655 1.985 1.511

Abbreviation: SD, Standard Deviation.

Table 4 Linear Regressions of Rectal and Aural Temperature
on Ambient Temperature and Humidity

RT AT

Ambient Temperature | Coefficient 0.304 0.251
p-value 0.001 0.018

Humidity Coefficient 0.017 —0.003
p-value 0.269 0.867

Combined R? 0.098 0.045
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Discussion

Various methods of temperature measurement have been evaluated in both human and veterinary medicine. Digital RT
measurements are reliable and accurately core body temperature in human patients, however, less invasive methods are
favored."® In veterinary medicine, the use of rectal thermometers is also considered the gold standard for routine
temperature measurement, likely because of their reported accuracy when compared to core temperature.' As in humans,
the use of a less invasive technique to obtain body temperature in canine patients, especially in an emergency setting, is
alluring. The current study demonstrated that while rectal and AT measurements were similar in normothermic dogs, ATs
were significantly different from RTs in hypothermic and hyperthermic patients presenting to the ER.

Tympanic (aural) thermometry has gained interest for use in human patients and provides safe and rapid temperature
measurements.'*'> Aural thermometry should approximate core body temperature well, as the tympanic membrane and
the hypothalamus share a blood supply via the carotid artery.'® Aural temperatures accurately reflect core temperatures in
humans as shown by several studies that compared AT measurements to those made in the pulmonary artery and
esophagus.'”'® Aural thermometers were also as reliable as rectal thermometers and more accurate than axillary
measurements in pediatric patients.'® Other human studies, however, failed to demonstrate a clinically acceptable
correlation between aurally and rectally measured temperatures. For instance, in adult human patients presenting to
the ER, noninvasive measures of temperature (oral, tympanic membrane, and temporal artery) failed to achieve
diagnostic accuracy when compared with rectal measurement. In this study, tympanic membrane temperature readings
were the most accurate noninvasive measure, differing from rectal readings by about 0.4°C."?

In the adults in the aforementioned study (and also demonstrated in children presented to the ER), AT underestimated
RT, similar to our study.'® ' The cause for these findings in people is unknown. Perhaps the presence of endolymph/
perilymph or inflammation in human ears may lower the temperature obtained from this location. Aural debris did not
affect temperature difference in our study. However, it is plausible that in canine patients, the amount of hair in the ear
canal or the presence of inflammation in the ear canal may lead to lower AT readings.

Aural thermometry has previously been compared to rectal thermometry in both healthy and non-critically ill
hospitalized dogs. As is seen in human medicine, study results are conflicting.>**° In 300 dogs presenting for routine
care, RT demonstrated a significant correlation with AT. However, additional statistical analyses identified a clinically
unacceptable variation between the two methods. In these dogs, environmental humidity but not temperature influenced
patient temperature measurements.® Conversely, the current study identified that ambient temperature, but not humidity,
influenced patient temperature.

Several additional studies failed to demonstrate agreement between rectal and AT measurement in healthy canine
patients.** Temperature measurement in eight purpose-bred dogs confirmed that RT most closely correlated with core
body temperature as measured via pulmonary artery catheter. Aural temperatures in this study demonstrated marked
variability and inaccuracy. Only 78% of aural measurements were within 1°C (1.8°F) of pulmonary arterial catheter
readings, as compared to 99.7% of rectal measurements.’ In 88 healthy dogs, rectal and AT measurements exceeded their
maximum clinically acceptable discrepancy of 0.5°C.*

Across the studies in healthy dogs, ATs underestimate those obtained rectally.*” In 250 hospitalized dogs, only
a weak correlation between rectal and AT measurement was demonstrated. Aural temperature measurements also
underestimated RT in these dogs.’ These results are similar to what was observed in the current study, wherein ATs
were significantly lower than RTs in dogs presenting to the ER.

Previous human and canine studies have demonstrated that aural thermometry is less correlated with rectal thermo-
metry when body temperature is abnormal. In exercising, hyperthermic people, aural thermometry did not reliably reflect
core body temperature as measured by rectal thermometry.®* Similar results were found in human patients with exertional
heat stroke, where aural thermometry was an inaccurate diagnostic tool and substitution for RT measurement was
discouraged.” In sick, febrile children, the AT underestimated the RT by 0.17—0.49°C (0.09—0.27°F), and achieved only
a fair sensitivity, specificity, and positive predictive value to detect a fever.”* Two veterinary studies evaluated the
tympanic membrane temperature in exercising, hyperthermic dogs and both concluded that tympanic membrane
temperature was consistently lower than RT in these subjects.''?* Interestingly, the current study demonstrated that
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hyperthermic dogs had a significantly higher respiratory rate than other temperature groups and that hypothermic dogs
were more likely to have a short haircoat, which, to the author’s knowledge, has not previously been demonstrated.
Consistent with previous studies’ findings, the current study also found a significant temperature difference between aural
and rectal measurements in both hypothermic and hyperthermic ER canine patients.

One limitation of the present study was the use of RT as a surrogate for core body temperature. Further, our study did
not assess for reliability of the aural thermometer as a measuring device, as defined as degree of stability among repeated
measurements under identical conditions.”® Both inter- and intra-operator variability can affect repeatability of test
results, and neither were assessed here. Repeated temperature measurements by the same investigator were specifically
not pursued in this study as a means of making the results more clinically applicable. Future investigations specifically
looking at reliability (as opposed to accuracy) of aural thermometry in veterinary patients are warranted. The order of
temperature measurement was randomized in our study; however, excitement and stress elicited by either rectal or aural
thermometry when this temperature was acquired first may have influenced the other measurement. An additional
limitation of our study was the small sample size of dogs with temperatures outside of the normal reference range.
Amongst all patients enrolled, only 47 dogs were assigned to a non-normothermic group (24 patients were hypothermic
and 23 patients hyperthermic). Lastly, a veterinary-specific aural thermometer may be better suited for the variety of
canine ear shapes and confirmations, and this type of thermometer was not investigated here.

Conclusion

To the authors’ knowledge, our study is the first comparison of rectal and AT measurements in canines presenting to an
ER. Similar to previous human and veterinary studies, our main results call into question routine substitution of AT
measurements for RT measurements. The present study did not provide evidence that AT is interchangeable with RT in
hypo- and hyperthermic patients presenting to the ER. It did, however, find a weak statistically significant relationship
between rectal and aural thermometry in normothermic dogs.

Caution must be used when interpreting AT in hypo- or hyperthermic dogs in the ER, as ATs were consistently lower
than RTs in these patients. While there was some correlation in normothermic patients, approximately 30% of the dogs
presenting to the ER during the study period exhibited abnormal body temperatures, and in these pets, aural thermometry
was not representative of RT and may not be an acceptable method of temperature measurement in this patient cohort.

Ethics Statement

The study protocol was reviewed and approved by the Institutional Animal Care and Use Committee and owner consent
was waived as acquirement of temperature was considered standard of care in the enrolled patients.
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