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Abstract: The technological advancements of flexible ureteroscopy (FURS) and its acces-
sories have resulted in broadening its indications to include the management of complex
renal stones, with long operative time. The surgeon’s understanding about the ergonomics of
the ureteroscopes and their cognizance of the operation theatre layout helps to improve their
performance, including the surgical outcomes. This paper will describe the ergonomics that
are involved in conducting FURS which in turn will aid in developing a more conducive
surgical environment for the surgeon during the procedure, based on scientific literature
review and expert opinions in high-volume centres. Proper surgeon position, well-arranged
operation theatre layout, monitor and pedal position, anaesthesia type, and surgical team are
important factors to decrease musculoskeletal strains for surgeons and increase work effi-
ciency. Different types of flexible ureteroscope have different characters and knowing these
special characters leads to better ergonomics during surgery. Robotic-assisted FURS have
shown good safety and ergonomics in clinical application.

Keywords: flexible ureteroscopy, retrograde intrarenal surgery, urolithiasis, ergonomics,
endourology

Introduction

The technological advancement of flexible ureteroscopes and its accessories have
impressively facilitated in expanding the indications of flexible ureteroscopy
(FURS) to include the management of large complex kidney stones. Generally,
complex surgical procedures require well-organized teamwork in a safe and com-
fortable environment to achieve good results with minimization of errors and
complications. The science of Ergonomics focuses on the broad view of the
interaction between the human and work systems, consumer products, and working
environments, which will be reflected upon human performance and product
usability.! However, it was found that the general awareness amongst surgeons
regarding the ergonomic guidelines and principles was only 11%.> The aim of
ergonomics is firstly, to harmonize workplace environment to the capacity of the
urology team. And secondly, to minimize the stress and eliminate fatigue, which
includes injuries associated with muscular fatigue that are mainly caused by poor
posture while performing repetitive tasks.’

The prevalence of orthopedic complaints among endourologists was 64.2%
including back problems (38.1%) neck problems (27.6%), hand problems
(17.2%), and hip and knee problems (14.2%). This risk is higher in older endour-
ologists (>40 years), endourologists with an African heritage, longer duration of
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practice (>10 years), and annual caseload of longer dura-
tion procedures.® Although ergonomics is assumed to be
the same for both endourological procedures and laparo-
scopic procedures, the ergonomic principles for endouro-
logical procedures are poorly characterized, in addition to
the lack
endourologists.’

of knowledge of ergonomics amongst

Ergonomics during FURS is focused on the interaction
between the surgical team (surgeon, assistant, technicians,
nurse or anaesthetist) and the operation room (OR) layout
with the appropriate array of instruments. In this review, we
will focus on the ergonomics involved during FURS along
with the aim to provide comprehensive information for the

urologist.

Method

In this narrative review, we searched in the literature for
studies and articles on ergonomics of endourology and flex-
ible ureteroscopy using the following key words “flexible

99 <

ureteroscopy’,

CLINT3

ergonomics”, “retrograde intrarenal surgery”
and “endourology”. The search was done in the Medline and
Google Scholar databases. We selected the study types in
which the full text was available in English language. This
review was carried out in accordance to the ethical principles

and that are consistent with the good clinical practice.

Surgeon Position

Currently, there are no studies that highlight a comparison
between the surgeons who work in a standing and seated
position when conducting FURS. However, despite the lack
of literature in this field, it is important to note that
a comfortable position of the surgeon during surgery is an
important determinant in working efficiently, which in turn
will also result in less musculoskeletal stress. During FURS,
most surgeons prefer to work in a standing position for
more ease in handling the flexible ureteroscope along with
the use of auxiliary instruments. On the other hand, some
surgeons prefer to be in a seated position whilst performing
the procedure. While in the seated position, lowering the
patient’s leg on the ipsilateral side will allow the surgeon to
view the monitor at eye level (Figure 1A and B).
Additionally, proper body posture is determined by the
layout of the OR, this includes; the height of the table,
position of the monitor, and location of the pedal.
Adjustment of the OR layout is required to allow the
surgeon to work comfortably in a standing or sitting posi-
tion in order to mitigate musculoskeletal complications.’®

While performing the surgery, the flexible ureteroscope is
ideally held by the dominant arm. Okada et al reported the use
of non-dominant hand for holding the flexible ureteroscopy if
one-surgeon basketing technique is used so the dominant hand
can be used for manipulation of the basket.” The surgeon
holds the scope slightly adducted to the side of the chest and
rotated inward at the shoulder level with the elbow flexed
between 40° - 60° angle, and the hand grasps the scope with
the wrist slightly extended while the thumb is on the lever for
controlling the tip movements. The non-dominant hand holds
the other end of the scope for manual insertion of the scope.
The height of the operating table should be adjusted according
to the surgeon’s position and height. It should not be too low
in order to avoid bending of the back resulting in back strain,
and not be too high to avoid forward flexion and raising of the
shoulder that leads to shoulder muscles fatigue.®

Operating Room Layout

One of the most important considerations when building an
operating room is planning and designing a comfortable
working environment.” The endourology operating room
needs to be large enough to accommodate the large equip-
ment such as C-arm, laser lithotripsy machines, ultrasound
machines, and towers with the monitors. The recommended
OR size for endourologic procedure is 7x7 x 3.5 m to
accommodate these large equipment'® Hence, a well-
thought-out plan and strategic arrangement of the equip-
ment are formulated in order to harmonize the work,
increase efficiency, and minimize the risks during the
surgery.'' Modern OR are more ergonomic with mobile
equipment, towers and flexible monitor carriers in addition
to OR integration system, thereby optimizing use of the
space and resources. The surgeon stands at the foot end;
the anesthesiologist and anesthesia cart are at the head end.
Sabnis et al recommended the position of the C-arm fluoro-
scopy unit in the right side of the patient for the right-sided
procedure and the camera, light source, and energy source
tower should be on the opposite side of the C-arm except
for the Laser machine which should be placed in the oppo-
site side of the C-arm.'® Giusti et al suggested the C-arm
fluoroscopy to be positioned usually in the left side of the
patient, whereas the endoscopic tower on the right side.'”
Our authors suggested changing the setting depending on
the side of the surgery especially if you have ceiling-
mounted monitors and towers so for right-sided surgery,
the surgeon’s endo-vision monitor and fluoroscopy monitor
to be positioned in the right side of the patient, the C-arm
on the left side of the patient, the assistant behind the
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Figure | Surgeon position and operation room layout during flexible ureteroscopy: (A) Standing position, (B) Seated position.

surgeon with additional endo-vision on the left side of the
patient. (Figure 2) The camera, light source, and energy
source including the laser to be positioned at the feet end
on the same side to the C-arm. This setting allowed the
surgeon to face the monitors on the same side of surgery in
a manner as to not interfere with the C-arm and its operator.
Figure 3 showed the scheme for the Operating Room Setup
for right-sided surgery.

Position of the Monitor
The video monitor is another important component during
FURS, as prolonged surgeon concentration on an improperly

placed monitor can cause strain to the surgeons’ eyes, neck,
and back muscles."® Fortunately, there are monitors with
flexible carriers that provide a free range of movement and
adjustment based on individual preference. The position of
the monitor should be adjusted at the surgeon’s eye level or
positioned downward, at an approximate angle of 15°- in
order to ensure that the surgeon looks at the monitor directly
without bending the neck either up or down. And, the neck
should be in the same alignment with the body without axial
rotation of the neck and back.*® The monitor can be posi-
tioned in the middle if the table is digitalized for X-ray, or on
the side to allow for the C arm to be positioned above the

Figure 2 Setup of the operating room, monitors, C-arm and endoscopy tower for the right-sided flexible ureteroscopy.
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Figure 3 Scheme for the Operating Room Setup for right-sided flexible ureteroscopy.

patient. Moreover, simultaneous arrangement of the fluoro-
scope monitor, along with the endoscope monitor on the
same side of FURS will allow the surgeon look to one
side, with the coronal plane of the surgeon being parallel
to the coronal plane of the monitors. (Figure 4) This will
ensure better hand-eye coordination for the surgeon. The use
of ceiling-mounted monitors assists with better arrangement
of the monitor’s position according to the surgeon’s need.
Fixed height towers do not provide an adequate range of
adjustment to allow ergonomic positioning during FURS.
The ceiling-mounted monitors provided the most flexible
range of heights, but they are also a common source of
“head bumping” by the operating room staff especially dur-
ing the dimmed light.

The distance between the surgeon’s eyes and the moni-
tor is very important so the surgeon can comfortably view
the monitor image without straining their eyes. This dis-
tance varies on an individual basis and depends on the
monitor size. Several studies have been carried out to
evaluate the proper monitor-to- surgeon distance.'*!”
Based on these data and according to the laparoscopic

literature, the optimal distance is 80-120 cm; therefore,
the orbital and ciliary musculature is in its most relaxed
state and facilitates reduced eyestrain on the operator.'® El
Shallaly et al recommended a distance of 0.9 m as the
limit of the close-up distance irrespective of other
variables.'® Sabnis et al recommended the distance
between the screen and the surgeon to be five times the
diagonal dimension of the screen.'® Good image quality
provides surgeons with the right depth and colour percep-
tion to enable safe and efficient procedures. In compari-
son, digital ureteroscopes have better image quality than
fiber-optic ureteroscopes.”’ Digital ureteroscopes allows
for the options of image enhancement, background noise
removal, and colour modification which will be reflected
on better outcome especially in detection of tumor, and
shorter operative time.

Type of the Scope

Weight and maneuverability of the scopes differ between
the different types of scopes, and this in fact plays
a crucial role in incidence of the postoperative strain of
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Figure 4 The monitor’s level positioned to the surgeon’s eye level or approximately 15° downward.

surgeon’s hand, wrist, and thumb strain.?! 23 Generally,
single use ureteroscopes tend to weigh less when com-
pared to digital ureteroscopes. There is also difference in
the weights of digital scopes and single use scopes. Single
use scope are about 100 gms lighter that the digital scopes
for instance a Uscope weighs 220gms — which is lesser
than V2 or flex xc (which weigh around 325 gms).>***
Digital ureteroscopes are lighter in collation with their
fiber-optic counterparts, as the latter tends to hold the
additional weight of the camera head. The weight of
currently available fiberoptic ureteroscopes varies: 309 to
352 g (mean 335 g) and 278 to 943 g (mean 700 g) for
digital ureteroscopes but for fibro-optic ureteroscopes,
another 266 to 798 g (mean 447 g) have to be added for
the camera head.”>** In a study conducted by Ludwig
et al, it was shown that digital ureteroscopes and single-
use ureteroscopes are ergonomically better due to less
thumb muscle activity as compared to fiber-optic
ureteroscopes.”> The types of ureteroscope deflection
mechanisms has been studied by Healy et al, where they
indicated that intuitive ureteroscope deflection (up is up,
down is down) users have less muscular problems in
comparison to counterintuitive deflection (up is down,
down is up) users.”

The exit point of accessory instruments inserted
through the working channel plays a role in maneuverabil-
ity of the scope during the procedure. Theoretically,
a scope with an exit point at a 3 o’clock position is more

ergonomically suited for the right side since the calyces
and stones are located toward the right side and vice
versa.”! The same concept is applied to the upper and
lower calyceal stones. However, it is important to note
that some scopes have two different exit ports like
COBRA (Richard Wolfe ureteroscope). Regardless of the
various types of scopes, it is ideally recommended to have
more than one option of scopes.’* With the continual
technological advancement of single use ureteroscopes,
the aforementioned factors can be utilized while customiz-
ing and designing right-sided and left-sided scopes in the
future.

Irrigation System

Appropriate irrigation during FURS provides good visibi-
lity, more efficacy and comfort. Several irrigation methods
systems have been used which include gravity irrigation,
pressurized irrigation bags, manual hand-pump infuser,
and automated irrigation systems. When comparing the
different irrigation method systems, gravity irrigation has
less risk of increased intra-pelvic pressure but compro-
mises the visibility. On the other hand, manual pump
infuser necessitates an additional task from the surgeon
during the procedure. Manual- assisted irrigations systems
can be hand-operated irrigation pump as Boston Scientific
single action pump and Hand-assisted irrigation device or
Peditrol.”* **

Alternatively, automated irrigation systems have been

foot-operated  irrigation system  as
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shown to provide steady irrigation at safe pressures with
better visibility*® ' There are different types of automatic
irrigation pumps include
FluidSmart (TFS) ®
(CRF) ® 2

Uromat Pump, Thermedx

and the Cogentix RocaFlow

Foot Pedals

Foot pedal for laser should be aligned in the proper direc-
tion with the posture of the surgeon and directed towards
the target or the monitor so that the surgeon does not need
to twist the leg for laser activation. (Figure SA and B).
Keeping the pedal near the feet and securing it in steady
position prevents its forward migration during its use. This
is can be achieved by avoiding covering the foot pedal
with a plastic cover so it will be fixed by its rubber push to
the floor. Otherwise, if some need to cover it with a plastic
cover to avoid rust then it can be stabilized by keeping
a heavy object behind it. Poorly positioned pedals can
make the surgeon stand in an unnatural twisted position.*

Musculoskeletal Disorders During
FURS

According to the US Department of Labour, work-related
musculoskeletal disorders are defined as disorders of the
muscles, nerves, tendons, joints, cartilage, and spinal disks,

which are associated with exposure to risk factors in the
workplace.> Analogous to such kind of disorders, during
endourology, the most noted complaints related to musculos-
keletal strains include the neck, back, shoulder, and wrist.’
Similarly, physical strains specifically associated with while
performing FURS are of the shoulder, hand, wrist, along with
thumb fatigue.”> When arranging the specific strains of the
muscles- that tend to be heavily relied on during FURS, in
a descending order include the extensor carpi ulnaris, fol-
lowed by right and left thenar, flexor carpi ulnaris, biceps,
deltoid, and triceps.> The correct position of shoulder and
hand during FURS with proper adjustment of the height of the
table can help in minimizing the shoulder and hand fatigue.

X-ray apron is another factor that causes weight burden
and musculoskeletal risks during FURS, especially in lengthy
procedures.* Instead, the use of skirt and vest (2 piece) apron
will distribute the weight over the hips and shoulders.**

There is direct relation between the time of the surgery
and the development of muscular fatigue with decrease in
the muscular performance in endourological surgeries with
potentially negative consequences on the surgeon and the
outcome of the surgery.*

There is no recommended time for FURS to minimize
the risk of muscular fatigue but there are different factors
that can influence the length of FURS including stone size,
density of the stone, surgeon and nurse experience,

Figure 5 The foot pedal alignment with the surgeon’s foot: (A) Correct alignment, (B) Incorrect alignment, leading to rotation of the leg.
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dedicated endourology suite, use of ureteral access sheath
and preoperative stent. This information can help to plan
the operation theatre day and time.*®*’

Surgery in general is a demanding activity, and just like
sport, it requires mental and physical fitness. Engagement of
the surgeons in physical training programs helps to minimize

the physical discomfort and improves their performance.®

Anaesthesia Type During FURS

Using an appropriate type of anaesthesia during FURS
helps the surgeon carry out the procedure in a far more
comfortable manner. Rapid movement of the kidney that is
depicted on the monitor during FURS due to increased
respiratory rate can disturb the surgeon as the target stone
moves simultaneously. This in turn can result in impairing
fragmentation of stone, along with the possibility of col-
lateral injury to mucosa of pelvicalyceal system and upper
ureter. Different tactics to reduce the kidney movement
during general anaesthesia have been used to help the
surgeon and increase efficiency. Some of these techniques
include the use of periodic apnoea, high-frequency venti-
lation, and combining high-frequency jet ventilation with
small volume mechanical ventilation.***' FURS can be
done under spinal anaesthesia and it is showed that it is
safe and effective in comparison to general anaesthesia.*?
If the patient under spinal anaesthesia is cooperative, they
can be asked to take shallow breaths or they can be asked
to briefly hold their breathing after deep inspiration or
deep expiration at certain moments during FURS that
need precise action.*® Giusti et al recommended the use
of general anesthesia for the reasons of control of the tidal
volume during the surgery and the possible exceeding the

time frame of spinal.'?

Surgical Team

A well-trained team inside the operation theatre is
important to deliver efficient and safe FURS.** The
operating surgeon, assistant surgeon, anaesthesiologist,
surgical tech technician, circulating nurse, and occasion-
ally- a medical device company representative, help the
surgeon during the operation. But above all, good com-
munication between the team is the key element in
performing a flawless procedure. A dedicated surgical
technician scrub nurse should be well informed about
the setup of equipment. It is also imperative to have
other urology nursing staff members be aware of the
basics of the endourology procedures. Additionally, hav-
ing well-functioning equipment along with its accessory

instruments are mandatory for the performance, and

surgery.
Preoperative planning, preference card, and time out

minimization of distractions during the
are checkpoints for the preparedness to run the surgery
smoothly. An updated preference card is a useful tool to

improve the efficiency in the operation theatre.*’

Robotics FURS

Robotic-assisted FURS offers significant comfort for the
surgeon in terms of physical ergonomics.*® The surgeon
sits comfortably on the consul chair in an ergonomic
working position with digital control of the movement of
the scope without straining and twisting their hands and
wrists. As a result, the surgeon will be looking directly to
the monitor while controlling most of the accessory instru-
ments such as laser, irrigation and fluoroscopy. (Figure 6)
Other advantages are provision of space for the assistant
beside the patient, and safe distance from the source of
Robotic FURS wusing Avicenna
Roboflex™ showed good safety and ergonomics in clinical

radiation (C-arm).

application but still there are limitations to the movements
along with the need for manual insertion of ureteroscope,

laser and other accessory instrument.*”*®

Radiation Protection During FURS

During FURS, the patient, surgeon and participating staff
members are all at risk of exposure to ionizing radiation.
Wearing of protective shields like aprons, thyroid shields,
and eyeglasses protect from scattered radiation, but most
often it is only partially complied with. Urologists tend to
ignore adherence to radiation protection principles due to
insufficient awareness. SOylemez et al found that urologists
wearing lead aprons, a thyroid shield, eyeglasses, or
46.6%, 23.1%, and 26.1%,
respectively.*’ Adherence to the ALARA principles including

a dosimeter are 75.2%,

the three basic protective measures in radiation safety (time,
distance, and shielding) are important factors to reduce radia-

tion exposure.>’

Conclusion

The expanding indications of flexible ureteroscopy necessi-
tates better efficacy and efficiency during the procedure.
Awareness of the ergonomics, knowledge about the instru-
ments and proper arrangement of the operation theatre lay-
out provides a more comfortable working environment for

the surgeon, and thereby excel in performance of FURS.
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Figure 6 Robotic-assisted flexible ureteroscopy showing the surgeon sitting on the console comfortably.

Abbreviations
FURS, flexible ureteroscopy; OR, operation room.
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