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Objectives: The widespread application of endoscopic ear surgery (EES), performed
through the external auditory canal, has revealed the limitations of the one-handed
technique. The RobOtol® (Collin ORL, Bagneux, France) otological robotic system
has been introduced to enable two-handed procedures; however, the thermal
properties of dedicated endoscopes, which are usually used in neurosurgery, called
“neuro-endoscopes,” have not yet been clarified for the robotic systems. In this study,
we aimed to profile the thermal characteristics of two dedicated neuro-endoscopes, as
compared to endoscopes used routinely in manual EES, called “oto-endoscopes,” and
defined by a smaller diameter and shorter length, and to discuss the safe application of
robotic assistance in EES.

Methods: Two neuro-endoscopes (3.3 mm, 25cm, 0°/30°) were studied using two
routine light sources (LED/xenon), and two routine oto-endoscopes (3mm, 14cm,
0°/30°) were initially measured to provide a comprehensive comparison. Light intensities
and temperatures were measured at different power settings. The thermal distributions
were measured in an open environment and a human temporal bone model of EES. The
cooling measures were also studied.

Results: Light intensity was correlated with stabilized tip temperatures (P < 0.01,
R? = 0.8719). Under 100% xenon power, the stabilized temperatures at the tips of
0°, 30° neuro-endoscopes, and 0°, 30° oto-endoscopes were 96.1, 60.1, 67.8, and
56.4°C, respectively. With 100% LED power, the temperatures decreased by about
10°C, respectively. For the 0° neuro-endoscope, the illuminated area far away 1cm from
the tip was below 37°C when using more than 50% both power, while this distance
for 30° neuro-endoscope was 0.5cm. In the EES temporal bone model, the round
window area could reach 59.3°C with the 0° neuro-endoscope under 100% xenon
power. Suction resulted in a ~1-2°C temperature drop, while a 10 mL saline rinse gave
a baseline temperature which lasted for 2.5 min.
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FIGURE 3 | Temperature elevation in temporal bone (4R) with the Neuro-0 endoscope under different xenon (A,C) and LED (B,D) light source power settings.

transmits more heat, which will inevitably increase the severity
of damage to delicate structures such as the inner ear. We also
further explored the safe working distance. The suggested safe
working distance for these neuro-endoscopes was 1 cm in front of
the tip. Only for Neuro-30, the distance could be 0.5 cm in front
of the tip when using LED power. Future in vivo studies or clinical
experience with robotic system might be helpful and valuable
to confirm this distance. Through the application of navigation
and robot system software optimization, safe distances that are
difficult to maintain by manual operation can be easily achieved
with robot assistance. Unexpectedly, a rapidly increasing output
was observed with increasing power using a xenon light with
375h usage times between 45 and 50% power, and a less sharply
increasing output was observed when using a xenon light with
128 h usage times. This phenomenon could be attributed to the
way that light intensity is adjusted using the shading plate. The
LED source showed a more stable output with power and may be
a better choice than a xenon source in clinical practice (12, 24).
For the same endoscope, the profiles of light intensity and
endoscope tip temperature were similar over the entire light
source power settings, and light intensity was correlated with
endoscope tip peak temperature. This correlation makes it

possible to predict the maximum endoscope tip temperature
and evaluate the functional status of the light sources over
the entire power range in a short time by measuring the light
intensity, which could be used as a routine self-check process
for robot-assisted EES. In addition, the power setting of a given
temperature could be estimated, while future research should be
performed to investigate which maximal temperature at the tip
is safe, for EES. Furthermore, the correlation could be used to
establish a temperature estimation model to predict the stabilized
temperatures of other combinations of endoscopes, light sources,
and fiber optic cables under certain conditions.

White balance adjustment is generally applied before surgical
manipulation. This will decrease the brightness on the screen but
not in the surgical cavity. As each surgeon has his own preference
for power setting in EES, the surgeon or operation room nurse
should reduce the power setting when using larger and longer
endoscopes, not just when adjusting white balance.

Suction and rinsing, which are regularly used in clinical
practice, could give varying degrees of cooling effects. Rinsing
was found to be much more effective. In cadaveric human
temporal bone (36°C chamber, xenon and LED, 100 or 50%
power), Kozin observed the maximum temperature at the round
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FIGURE 4 | Compared with the control group (A), continuous suction (B), discontinuous suction (C), and rinsing (D) resulted in different cooling effects in temporal
bone with the Neuro-0 endoscope under 100% xenon light source power. Rinsing resulted in a better cooling effect.
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window membrane and rose by 8-10°C relative to the chamber
temperature, and the cooling effect while applying a #20 French
suction resulting in an 11°C temperature drop. However, #20
French suction (nearly ~6.7 mm in diameter) was not applicable
to routine EES, which led to the choice of a #3 French suction
(Imm in diameter) in the present study. Accordingly, cooling
measures such as continuous suction or intermittent rinsing
(10 mL ambient temperature saline every 2.5 min or so) should
be integrated into the robotic system applied in clinical practice
to ensure safety during EES.

The main weakness of our study was in vitro. Thermal features
are different in vivo (22). The lower temperature gradient in vivo
may reduce the cooling rate because, in vivo, the surrounding
temperature would be 37°C, or perhaps slightly lower, due
to anesthesia and operating room temperature, but obviously
not as low as 25°C as in this study. An active circulation
system would dissipate some of the heat. In addition, the higher
humidity and reflective properties of the tissue would mitigate
temperature fluctuations.

Another disadvantage that should be noted is that the two-
handed EES is not always feasible in a limited external auditory
canal whose smallest maximum diameter range from 6.5 to
15.0mm and the smallest minimum diameter range from 3.4

to 6.4mm (25). In our clinical experience, a pure transcanal
approach with two tools and a robot-held endoscope is difficult
in external auditory canals narrower than 6 mm. This is because
the endoscope is 3.3 mm wide and we use common otological
tools. There may be no additional benefit from insisting on
using the RobOtol® technique throughout the procedure under
current technology. The steps that are easier with two tools
are the tympano-meatal flap dissection (blood suction and flap
pulling and tension), the tympanic membrane dissection from
the malleus handle, the partial or total prosthesis placement, and
the graft (cartilage or fascia placement). All other steps can be
done with one hand for sure. We recommend starting using
the robot-held endoscope with a large auditory canal during the
learning curve. With a smaller endoscope or dedicated tool (in
diameter and bayonet shape), we may be able to work in smaller
canals but these tools are ready yet.

Yet despite these limitations, we believe our findings of light
intensity and temperature changes with power, time, and cooling
measures may be useful in clinical practice. Furthermore, the
results for thermal spread from the tip of the endoscope and
thermal distribution in human temporal bones may help in
make EES practice as safe as possible. We might not need
to use more power to obtain high-quality images as images
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taken during surgery by routine oto-endoscope at lower light
intensities have no loss of quality (26), and future studies should
investigate the light intensity applied during surgery and verify
the functional consequences of the corresponding temperatures
in an animal model.

The clinical application of robotics is a general trend, and
related technologies will develop rapidly in the foreseeable
future. Similarly, endoscopic imaging technology will continue
to improve. The advancement of endoscopy technology may be
able to fundamentally solve the problem of excessive temperature
elevation caused by endoscope application by reducing the
heat generation of the light source with the next-generation
cold light source and improving imaging quality at low
light intensity. Meanwhile, the advancement of micro-sensing
technology could make the robot’s perception more sensitive,
and realize the real-time monitoring of the ambient temperature
under the endoscope application, which provides further safety
guarantee for the robot-assisted EES. Further, inspired by the
single-port transoral robotic surgical system (27), subsequent
development of robotic EES could further miniaturize relative
devices to make the utmost of the middle ear space. Then,
in single-port trancanal robotic EES, almost all the middle
ear cavity is visible, and multiple-manipulator-operation could
be achieved throughout the surgery. Before that, endoscope
holder/robotic arm design should still take into account our
findings of light intensity and temperature variations with light
source power setting, and the temporal and spatial distribution
of temperatures.

CONCLUSIONS

Under the same conditions of the light source and power setting,
neuro-endoscopes produce more heat than oto-endoscopes. LED
light sources are associated with less significant temperature rises
and have a more stable output with increasing power than xenon
light sources. The light intensity at the endoscope tip could
predict local temperature for a given endoscope and light source.
Suction results in a slight temperature drop, while local rinsing
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