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Abstract

Background: Pulse oximetry is a valuable tool for monitoring animals during anesthesia and assessing the adequacy of
administered oxygen therapy. Aims: To compare the pulse oximeter readings obtained by the Garmin Fenix 5X plus (GF5Xp)
smartwatch and transmittance pulse oximetry (TPO) in anesthetized dogs. Methods: Twelve clinical canine patients requiring
anesthesia for castration were prospectively enrolled in this study. The animals were premedicated with intramuscular
dexmedetomidine at a dose of 5 pg/kg. Anesthesia was induced through intravenous administration of propofol and maintained using
sevoflurane. The arterial hemoglobin oxygen saturation (SpOz) readings obtained from the tongue using TPO (238 readings) were
compared with measurements taken over the lateral side of the tibia using a GF5Xp smart wearable device (238 readings). This
comparison was performed using a Bland-Altman plot, where the differences (%) between the methods were plotted against their
mean SpO2 (Gold standard - Device), and the limits of agreement were represented as the mean + 1.96 times the standard deviation.
Results: The SpO2 levels in dogs were overestimated by the GFSXp relative to the readings obtained by the TPO, with the bias of -
0.3% (95% CI: -3.1%-2.5%). Conclusion: GF5Xp may be interchangeable with TPO in dogs. Further studies are required to validate
the accuracy of the GF5Xp in non-anesthetized dogs or dogs outside the physiological range.
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hemoglobin oxygen saturation (SaO,) are widely
acknowledged as one of the standards for assessing
hypoxemia. Nonetheless, obtaining arterial blood
samples can be difficult in animals experiencing
respiratory distress or easily becoming distressed
(Hofmeister et al., 2005). Pulse oximetry provides a

Introduction

Hypoxemia, characterized by low oxygen levels in
the blood, can have significant health implications
(Ayres, 2012). Various factors contribute to its
development, including respiratory diseases,

cardiovascular disorders, and external factors such as
high-altitude environments. Clinical signs of hypoxemia
encompass dyspnea, cyanosis, exercise intolerance,
weakness, and collapse (Bach, 2017; Jagodich et al.,
2020). Prolonged oxygen deprivation can compromise
vital organs like the heart, brain, and kidneys, leading to
severe complications and potentially life-threatening
consequences. Thus, early recognition and prompt
intervention are crucial in managing hypoxemia,
improving outcomes, and alleviating suffering (Haskins,
2014).

The partial pressure

of oxygen (PaO;) and

minimally invasive technique to estimate arterial blood
hemoglobin oxygen saturation. Pulse oximeters are
valuable instruments for monitoring animals during
anesthesia and determining the effectiveness of
administered oxygen therapy (Arulpagasam et al., 2018).

Transmittance pulse oximetry (TPO) is a widely
employed method for monitoring arterial hemoglobin
oxygen saturation (SpO;). This technique involves
absorbing infrared light as it passes through the tissues
from one side to the opposite (Nixdorff et al., 2021).
Human smart wearable devices are equipped with
photoplethysmographic sensors to measure SpO, levels.
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Previous studies in humans have concluded that wearable
devices could monitor SpO, with high accuracy (Buekers
et al., 2019; Lauterbach et al., 2021), whereas some
researchers have reported inaccurate SpO, readings
(Hermand et al., 2021; Caruso and Shefflette, 2022).
While the accuracy of Garmin Fénix® 5X Plus (GF5Xp)
in measuring SpO; has been demonstrated in cats
(Yanmaz et al., 2023), there is currently no research
evaluating its reliability and usefulness in dogs.
Therefore, this study aimed to compare a GF5Xp
smartwatch with TPO in measuring SpO- in dogs.

Materials and Methods

The study protocol (ATA-36643897-000-
2100037577) was approved by the AtatiirkXX University
local ethical committee for animal experiments. Written
informed consent from the owners was received for each
participating dog. All procedures involving animals
adhered to the guidelines set forth by the European
Community Council Directive of 24 November 1986.

Animals

The study included twelve healthy male Shepherd
dogs, owned by clients, aged between 1 and 2 years and
weighing 15 and 20 kg. These dogs were referred to
Atatiirk University Animal Hospital for elective
orchiectomy procedures between February 10 and March
10, 2022. The health status of the dogs was evaluated,
including a physical examination, complete blood count,
serum biochemistry profile, and radiological analysis.
Only dogs with the American Society of
Anesthesiologists (ASA) score of I were included in the
study. Dogs were excluded from the study if they had
any underlying disease, cardiac arrhythmias, hypoxemia,
were less than 12 months old or more than two years old,
or had an ASA score greater than 1.

Before the procedures, the dogs underwent a fasting
period of 6 h, during which water was not withheld. For
premedication, an intramuscular dose of 5 pug/kg
dexmedetomidine (Precedex 0.1 mg/ml, Hospira, Inc.,
NC, USA) was administered. Anesthesia was induced by
intravenous administration of propofol (Propofol, 20
mg/ml, Fresenius Kabi, Austria) until jaw relaxation was
achieved. Following induction, the dogs were
orotracheally intubated and maintained under anesthesia
using 2% sevoflurane (Sevorane, 200 ml, Aesica
Queenborough Ltd., UK). Subsequently, the dogs were
placed in a dorsal recumbency position for the duration
of the procedures.

Study design

After the induction, a TPO pulse oximeter probe
(Cardell 9405, Sharn Veterinary Inc., Tampa, Florida)
was placed on the animal’s tongue to measure SpO;
levels. The hair surrounding the tibia was shaved using a
No. 40 hair clipper. The GF5Xp smart wearable device
(Garmin Ltd., KS, USA) was attached to the lateral side
of the tibia using a watch strap without any bandage
material for fixation (Fig. 1). Each SpO, reading was
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manually recorded by the same person. Two individuals,
one for the GF5Xp and another for the TPO,
simultaneously collected the recordings. The GF5Xp
measurements were obtained by pressing the activation
button on the wearable device. For each dog, the GF5Xp
and TPO data were recorded at one-minute intervals for
20 min. Following the surgery, the connections of the
GF5Xp and TPO were removed, and the animal was then
moved to the recovery room.

Fig. 1: [llustration demonstrating the positioning of the Garmin
Fenix 5X plus smart wearable device on the tibia to collect
arterial hemoglobin oxygen saturation readings

Statistical analysis

The sample size for the study was determined using
PS-Power and Sample Size calculation software (Version
3.1.2, Tennessee). It aimed to detect the minimum
number of measurements required in each device to
observe a 5% difference in SpO, levels. Thus, a total of
12 animals (238 measurements) were deemed necessary.
A significance level of 0.05 and a power of 90% were
chosen for the analysis. The analysis was based on data
from a previous study that compared SpO, measurements
in cats using the same smartwatch (Yanmaz et al., 2023).
Statistical analysis was conducted using commercial
software (Version 13.2.2; MedCalc, Belgium). The
normality of continuous variables was assessed using the
Shapiro-Wilk test. Student’s t-tests were applied to
analyze the readings obtained from the GF5Xp and TPO.
The Chi-square analysis was used to compare the number
of unsuccessful SpO, measurements from each device.
The agreement between TPO and GF5Xp was assessed
using the Bland-Altman plot (Bland and Altman, 1999).
This plot displayed the percentage differences between
the methods against their mean SpO, (Gold standard -
Device). The limit of agreement was represented as the
mean + 1.96 times the standard deviation. A P-value of
less than 0.05 was considered statistically significant.
The data were reported as mean + standard deviation or
median (range).

Results

During SpO> measurements, four unsuccessful



Iranian Journal of Veterinary Research, Shiraz University

168

Table 1: Regression equations from Bland-Altman analysis comparing bias of arterial hemoglobin oxygen saturation (%) between

Garmin Fenix 5X Plus (Y) and transmittance pulse oximetry (X)

Mean (95% CI)

Difference (%)

Lower limit (95% CI)

Upper limit (95% CI)

Regression equation R?>=0.6595

-0.29 (-0.47 to -0.10) -3.10 (-3.42 to -2.79)

2.53 (2.21 to 2.84)

Y=4.2413 + -0.04696 X, P<0.01

CI: Confidence of interval

readings were observed, with two occurring in the TPO
group and two in the GF5Xp group (P>0.05). In total,
476 readings (238 for TPO, 238 for GF5Xp) were
obtained. The mean SpO, readings with GF5Xp was
96.63 + 2.39% and with the TPO was 96.33 + 2.28%
(P=0.16). The Bland-Altman scatter plot showed that the
mean difference between the two devices was -0.29, with
LOA in the range of -0.47 to -0.10 (Table 1). The SpO,
levels in dogs were overestimated by the GF5Xp relative
to the data obtained by the TPO, wherein the bias was -

0.3% (95% Confidence of Interval: -3.1%-2.5%)
(P=0.0023; Fig. 2).
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Fig. 2: The figure illustrates the concordance between arterial
hemoglobin oxygen saturation measurements obtained from the
Garmin Fenix 5X Plus (GF5Xp) smartwatch and transmittance
pulse oximetry (TPO) using Bland-Altman analysis. The
Bland-Altman plots provide insight into the level of agreement
between the GF5Xp and TPO measurements. The solid black
line represents a mean bias -0.3% (95% CI: -3.1%-2.5%). The
uppermost and lowermost dashed lines indicate the upper and
lower agreement limits. The dotted line signifies a 0%
difference, while the dotted-and-dashed lines represent the best
fit. The curvilinear solid lines represent the 95% CI of the best
fit. Error bars display the respective 95% Cls of the mean bias
and limits of agreement

Discussion

This study aimed to compare the SpO, readings
obtained using a GF5Xp wearable smart device and TPO
in dogs. The main finding was that the SpO, levels in
dogs were overestimated by GF5Xp relative to the
readings obtained by TPO, wherein the bias was -0.3%
95% CI: -3.1%-2.5%). A previous study emphasized
low validity at high attitudes using GF5Xp (Schiefer et
al., 2021). However, another study that used GF5Xp
reported a minimal overestimation of SpO: during
exposure to different simulated altitudes (Lauterbach et

al., 2021). Similar findings were observed in the present
study. The low limit of agreement between devices in the
current study should be related to the stable conditions of
animals due to anesthesia. A study has reported that even
a slight change in the measurement site may affect SpO-
readings, and smart devices should be in close contact
with the arteries (Lee er al., 2016). This study
demonstrated that SpO» readings are reliably obtained on
the lateral side of the tibia as they contain the saphenous
artery.

The current study identified four instances of
unsuccessful SpO, readings during measurements, with
two occurrences observed in the TPO and two in the
GF5Xp devices. The presence of two unsuccessful
readings in anesthetized dogs could be attributed to
various factors, including challenges in tongue
positioning, interference from saliva and moisture, and
issues with sensor attachment (Matthews et al., 2003).
Traditional pulse oximeters typically function by
emitting light wavelengths through tissues to detect
changes in oxygenated and deoxygenated hemoglobin
absorption, while smart wearable devices such as GF5Xp
utilize similar principles but in a compact, portable form.
However, unsuccessful SpO» readings in GF5Xp may
also be influenced by motion or excessive movement
during surgery, a phenomenon observed in human
studies (Williamson et al., 2018). These findings
highlight the importance of considering and addressing
these factors to improve the reliability and accuracy of
SpO, measurements using both traditional pulse
oximeters and smart wearable devices. Future research
can explore strategies to minimize the occurrence of
unsuccessful readings and enhance the overall
performance of SpO> monitoring in veterinary medicine,
potentially even using human smartwatches for such
purposes.

Most pulse oximeters update SpO, data every 0.5-1.0
seconds (Hanning and Alexander-Williams, 1995).
However, the GF5Xp pulse oximeter differs in its
approach, as it displays SpO; readings only when the
SpO, function is activated. This particular design
characteristic poses challenges in obtaining concurrent
data from the device. By requiring the activation button
to be pressed, the ability to continuously evaluate oxygen
status in patients may be compromised. This limitation
can hinder real-time monitoring and potentially delay the
detection of sudden changes in oxygen saturation levels.
Consequently, healthcare professionals must consider the
potential drawbacks associated with the design of the
GF5Xp pulse oximeter when selecting monitoring
devices for patients requiring continuous oxygen
assessment. Additionally, devices designed for use in
animals without the need for shaving may also be

IJVR, 2024, Vol. 25, No. 2, Ser. No. 87, Pages 166-169



169

Iranian Journal of Veterinary Research, Shiraz University

developed.

The main limitation of the present study was the lack
of a validated monitor. In the authors’ university animal
hospital setting, the pulse oximetry device used in this
study is routinely used for monitoring pulse oximetry
readings. Therefore, we assumed that the SpO» readings
were accurate. Another limitation of this study was the
lack of a gold standard. The use of SpO> instead of PaO,
to detect arterial oxygenation in a dog breathing room air
is not clinically acceptable (Farrell et al., 2019). The lack
of heart rate and arterial blood pressure measurements
can be considered a limitation. Besides, a recent study
showed accurate heart rate variables in dogs using
GF5Xp (Yanmaz et al., 2022). Further studies are needed
to confirm the accuracy of GF5Xp in non-anesthetized
dogs or dogs outside the physiological range.

This study examined the utility of the GF5Xp smart
wearable device for assessing SpO: levels in dogs. The
findings suggest that the GF5Xp device can effectively
be used as an alternative to TPO in anesthetized dogs.
However, it is crucial to recognize that extensive shaving
of a dog’s limbs may not be tolerated by all owners.
Further research is warranted to validate the accuracy
and reliability of SpO, readings obtained from other
popular smart wearable devices in canine. By
investigating the performance of various devices,
clinicians and researchers can gain a better understanding
of the potential applications and limitations of smart
wearable technologies in veterinary medicine. This
knowledge will ultimately contribute to enhancing the
monitoring and management of oxygenation status in
dogs, leading to improved patient care and outcomes.
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