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the simulator consists of an acrylic box (fig. 6 a),
which is flooded with water. the box is equipped

with a waterproof housing for all of the
instrumentation and camera systems. the
housing is secured by 9 bolts which are
tightened using a torque wrench. the

instrumentation systems are connected by
tubes and wires and are held together by a

frame. the frame is composed of an aluminium
frame and an aluminium plate, which is

connected by a silicon rubber. the rubber plate
is inserted into a separate acrylic box, which is
mounted on the aluminium plate. the rubber
plate and acrylic box provide a snug fit in the

frame. the volume of the housing is
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approximately 2000 ml and it holds the inner
system, which is composed of the silicone
phantoms and the two cameras. the inner

system is fully submerged in the water, which
also serves as a medium for high-frequency

ultrasound imaging. the latter, together with the
titanium housing and the steel frame, allows the

sound waves to pass through the silicone
phantoms. the titanium housing has an opening,
which allows the ultrasound waves to pass from
the water to the silicone phantoms. an overview

of the inner system is presented in fig. 6 b. a
screenshot of the mitral valve repair (mvr)
simulator. (a) the mitral valve repair (mvr)

simulator. (b) the anterior view of the mitral
valve repair (mvr) simulator. (c) the posterior

view of the mitral valve repair (mvr) simulator.
(d) the posterior view of the transseptal

puncture simulator. (e) the anterior view of the
transseptal puncture simulator. (f) a screenshot

of the mitral valve repair (mvr) simulator in
transesophageal view. (g) a screenshot of the

mitral valve repair (mvr) simulator in
transesophageal view. (h) a screenshot of the

mitral valve repair (mvr) simulator in
transesophageal view. (i) a screenshot of the
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mitral valve repair (mvr) simulator in
transesophageal view. (j) a screenshot of the

mitral valve repair (mvr) simulator in
transesophageal view. (k) a screenshot of the

mitral valve repair (mvr) simulator in
transesophageal view. (l) a screenshot of the

mitral valve repair (mvr) simulator in
transesophageal view.
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in total, five metrics are computed for each
procedure and a simple average is used to
calculate the mean metrics. this is done by

summing the value of the metrics and dividing
by the number of procedures. this is done to
allow the calculation of a time per procedure
and not per procedure. the metrics are: (i)

procedural time, (ii) procedural time until tsp,
(iii) puncture location, (iv) clip positioning and
(v) correctly used fluoroscopy. the metrics are
computed for the entire procedure and not per
step, therefore the implementation of multiple
steps is not required. the metrics are used to

calculate a total procedure time and a
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procedural time until tsp. these metrics are
compared to the simulator’s performance
indicators, which are defined as (i) a total
procedure time of the simulator, (ii) a total

procedure time of the participants and (iii) a
procedural time until tsp of the participants. the

simulator’s performance indicators are both
subjectively defined and based on the

subjective validation of two cardiologists from
the chd team at the university of pittsburgh.
these cardiologists had experience with the
mitraclip system and were involved in the

design of the new mvr simulator. the
cardiologists had prior experience with the
mitraclip system and were involved in the

development of the simulator. once the metrics
are calculated, they are compared to the

simulator’s performance indicators. the metrics
are compared as a percentage. for example, if a

procedure took less than 10 minutes, the
metrics are considered to be equal to the

performance indicators. if the procedure took
more than 10 minutes, the performance metrics

are considered to be longer than the
performance indicators. 5ec8ef588b
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