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Description
TECHNICAL FIELD OF THE INVENTION

[0001] Thepresentinvention generally relates to a self-
learning system and method for customizing user pro-
grams in a surgical system, namely a phacoemulsifica-
tion system.

BACKGROUND OF THE INVENTION

[0002] Phacoemulsification (hereinafter, "phaco") sur-
gery has been successfully employed in the treatment of
certain ocular problems, such as cataract surgery, includ-
ing removal of a cataract-damaged lens and implanting
an artificial intraocular lens. Phaco surgery typically in-
volves removal of the cataract-damaged lens and may
utilize a small incision at the edge of the cornea. Through
the small incision, the surgeon then creates an opening
in the capsule, i.e. membrane that encapsulates the lens.
[0003] Next, the surgeon may insert an ultrasonic
probe, incorporated within the phaco handpiece, through
the opening in the cornea and capsule accessing the
damaged lens. The handpiece’s ultrasonic actuated tip
emulsifies the damaged lens sufficient to be evacuated
by the handpiece. After the damaged natural lens is com-
pletely removed, the handpiece tip is withdrawn from the
eye. The surgeon may now implant an intraocular lens
into the space made available in the capsule.

[0004] As may be appreciated, the flow of fluid to and
froma patient through afluid infusion or extraction system
and power control of the phaco handpiece is critical to
the procedure performed. Different medically recognized
techniques have been utilized for the lens removal por-
tion of the surgery. Among these, one popular technique
is a simultaneous combination of phaco, irrigation and
aspiration using a single handpiece. Another technique
is bimanual phaco, with separation of the phacoemulsi-
fication tip/aspiration handpiece from the infusion/sec-
ond instrument handpiece. This method includes making
the incision, inserting the handheld surgical implement
to emulsify the cataract or eye lens. Simultaneously with
this emulsification, the handpiece provides fluid for irri-
gation of the emulsified lens and vacuum for aspiration
of the emulsified lens and inserted fluids.

[0005] Manufacturers of surgical systems typically pro-
vide their products with "recommended" or "default” set-
tings. These settings are intended to provide acceptable
performance of the instrument over a very wide variety
of surgical conditions, thus enabling surgeons to utilize
the system effectively without gaining an in-depth under-
standing of the system design. While this approach pre-
vents the most blatant issues associated with inappro-
priate parameter settings, in most cases it does not result
in the most efficient and time effective adjustment of the
settings.

[0006] Many manufacturers also rely upon highly
skilled "technical specialists" that can observe a surgeon
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utilizing, and subsequently can then tailor the settings to
optimize the surgeon’s performance. Typically, during
this process, a technical specialist will offer a certain
amount of input into the training concerning the design
and performance of the system. The surgeon then be-
comes more able to adjust his own settings in the future.
This approach has several drawbacks. First, the ap-
proach can be time consuming and expensive because
it may take several days of operating room time for a
technical specialist and a surgeon to agree on the ideal
settings. Second, the approach is inconsistent because
each technical specialistand surgeon may have a slightly
different approach to the problem, or a slightly different
concept of the "ideal" settings. Finally, technical special-
ist must be highly trained and as such, the number of
technical specialist is limited.

[0007] The present invention not only solves the fore-
going problems, but provides an effective and efficient
way of customizing programs based on a user’s prefer-
ences and performance. The present invention provides
a system that monitors and analyzes performance of sur-
gical systems, and recommends changes to a user’s set-
tings and/or programs.

[0008] US-A-5,997,528 discloses a system for control-
ling a plurality of ophthalmic microsurgical instruments
connected thereto. The microsurgical instruments are for
use by a user such as a surgeon in performing ophthalmic
surgical procedures. The user interface provides infor-
mation to the user and receives information from the user
which is representative of operating parameters of the
microsurgical instruments. The system also includes sur-
gical modules connected to and controlling the microsur-
gical instruments as a function of at least one of the op-
erating parameters. However, it does not disclose the
automatic adjustment of settings for a surgeon’s personal
preferences.

SUMMARY OF THE INVENTION

[0009] The present invention provides a system ac-
cording to Claim 1.

[0010] Furthermore, the present invention provides a
method according to Claim 8.

[0011] In addition, the present invention provides a
computer-readable medium according to Claim 15.
[0012] To better understand the nature and advanced
of the invention, reference should now be made to the
following description and the accompanying figures. It is
to be understood, however, that each of the figures is
provided for the purposes of illustration only and is not
intended as a definition of the limits of the scope of the
present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The present invention is best understood with
reference to the following detailed description of the in-
vention and the drawings in which:
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FIG. 1 is a block diagram illustrating a component
(surgeon preference filter) of the system of the
present invention;

FIG. 2 is a block diagram illustrating a component
(surgical circumstances filter) of the system of the
present invention;

FIG. 3 is a block diagram illustrating a component
(real time data collection module) of the system of
the present invention;

FIG. 4 is a block diagram illustrating a component
(analysis module) of the system of the present in-
vention;

FIG. 5is a block diagram illustrating various compo-
nents of the system of the present invention;

FIG. 6 is a block diagram illustrating an embodiment
of the real time data collection module; and

FIG. 7 is a block diagram illustrating an embodiment
of the surgeon preferences filter.

DETAILED DESCRIPTION OF THE INVENTION

[0014] Reference will now be made in detail to embod-
iments of the invention, examples of which are illustrated
in the accompanying drawings. While the invention will
be described in conjunction with the embodiments, it will
be understood that they are not intended to limit the in-
vention to those embodiments. On the contrary, the in-
vention is intended to be defined by the appended claims.
[0015] The present invention pertains to a system (or
engine) that monitors a system’s performance during a
surgery, analyzes that performance, and makes recom-
mendations to the user/surgeon for changes in his set-
tings, programs, and/or equipment that will resultin more
effective and time-efficient surgeries. Recommendations
are employed automatically during and/or after a proce-
dure.

[0016] FIG. 1 illustrates a block diagram of a compo-
nentofthe presentinvention, namely surgeon preference
filter 101. System 100 comprises a default programs da-
tabase 102 that provides for basic system settings to op-
erate a surgical instrument. Default programs database
102 may be set/installed by a manufacturer of the surgical
instrument and/or added to a surgical instrument by a
user or manufacturer. System 100 also comprises sur-
geon preference filter 101 that may accept one or more
surgeon (user) preferences 103 inputted by a surgeon
and inputted from default programs database 102. Sur-
geon preferences 103 may include, but is not limited to,
programs, settings, features, etc. Surgeon preferences
filter 101 functions to produce a set of base settings 104
which are appropriate to a given surgeon under a wide
variety of surgical circumstances. System 100 may ac-
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cept as input a variety of surgeon preferences including,
but not limited to, handpiece type (longitudinal, non-lon-
gitudinal, etc.), phaco tip/sleeve style and size; pump
preferences (venturi / peristaltic); surgical technique (di-
vide and conquer, chop, carousel, etc.); foot pedal pref-
erences (single linear, dual liner, switch settings, feed-
back options, etc.); sound preferences; and sub-mode
preferences, which may include, but is not limited to spe-
cific features of the foregoing preferences. Default pro-
grams database 102 may contain a large number of sur-
geon preferences 103 and/or base settings 104, each
categorized by it relative efficiency when used with the
various parameters described in surgeon preferences
103. Based upon one or more surgeon preferences 103
and default program settings 114 stored in default pro-
grams database 102, system 100 may generate recom-
mended base settings 104 that can be used as the sur-
geon’s default program(s). Base settings 104 may only
need to be established one time (although they may be
updated at any time). Base settings 104 may be stored
in a memory and/or database of surgeon preferences or
in default programs database 102.

[0017] Surgeon preferences 103 may be analyzed
and/or compared against a database of known default
program settings 114. System 100 may determine the
base settings contained in the database which most
closely matches the specified surgeon preferences 103
via the surgeon preference filter 101, which may include
one or more algorithms. The mechanism employed to
determine the most closely fitting set of base settings
may include least-squares regression analysis or other
statistical algorithms as appropriate, however any anal-
ysis or algorithm known in the art may be employed. Fur-
thermore, system 100 may tailor the most closely match-
ing base settings 104 with specific algorithms for given
surgeon preferences 103 that will make the resulting
base settings 104 an even closer match to the specified
surgeon preferences 103. The resulting base settings
104 may also be utilized by other components of the sys-
tem as described herein.

[0018] Referring to FIG. 2, another component of sys-
tem 100, circumstances filter 105, is illustrated. Circum-
stances filter 105 is capable of accepting base settings
104, recommended changes 106, and/or surgical/patient
circumstances 107. Prior to the execution of each surgi-
cal procedure, system 100 accepts surgical/patient cir-
cumstances 107. Surgical/patient circumstances 107
may include, but are not limited to, additional input about
the patient, such as cataract density, shallow chamber,
a floppy iris, etc. The additional input may be from an
internal (e.g. internal sensors, programs, etc.) or an ex-
ternal source (e.g. user/surgeon input). Surgical/patient
circumstances 107 may be used to adjust base settings
104 to be more appropriate for the specific circumstances
of the particular surgical procedure.

[0019] Surgical circumstances filter 105 gathers a set
of inputs related to a specific patient and a specific sur-
gery to be performed. These parameters will be collected
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separately for each surgical case. These parameters in-
clude, but are not limited to, cataract density, anterior
chamber depth and volume, patient identification infor-
mation, disease states (floppy iris, loose zonules, etc.),
and intended IOL type.

[0020] These parameters are maintained in a data
store of surgical/patient circumstances 107. Surgical cir-
cumstances filter 105 may analyze surgical/patient cir-
cumstances 107 parameters and adjust base settings
104 to an instrument program more appropriate for the
particular surgical circumstances. For example, it might
adjust maximum phaco power, chamber automated sta-
bilization environment (CASE) settings/parameters,
maximum vacuum and flow rates up/down depending
upon the cataract density, pulse shape and/or width, duty
cycle, tip movement (e.g. torsional, transverse, longitu-
dinal, etc.), occlusion threshold, pump ramp, movement
of the foot pedal (linear, panel, or non-zero start), and/or
any other setting known in the art. To aid in its function,
surgical circumstances filter 105 may draw upon addi-
tional parameters maintained in an optional database of
algorithms located within surgical circumstances filter
105 or external to surgical circumstances filter 105. For
example the module might determine that the maximum
phaco power needs to be adjusted upwards if the cataract
density is high. The actual amount of adjustment (a % of
the value in base settings 104 and/or user settings 108)
might be drawn from one or more algorithms of surgical
circumstances filter 105. CASE is an occlusion mode ad-
vancement that corrects the vacuum in the anterior
chamber of an eye by anticipating breaks in the occlusion.
For additional information, see co-assigned U.S. Appli-
cation No. 11/086,508 filed on March 21, 2005 and U.S.
Application No. 11/401, 529 filed on April 10, 2006.
[0021] The output from surgical circumstances filter
105is user settings 108. These settings are used to guide
the phaco system during the surgery.

[0022] Any of the filters and/or modules described
herein may comprise one or more algorithms. For exam-
ple, algorithms that may be utilized with the present in-
ventioninclude, but are not limited to, adjusting maximum
phaco power up/down in response to cataract density;
adjusting vacuum and flow settings up/down in response
toincreases ordecreasesin anterior chamber depth; low-
er maximum vacuum settings in response to known Flo-
max® use or other floppy iris conditions; increasing/de-
creasing CASE up/time parameter in response to cata-
ract density increases/decreases; enabling/disabling
non-longitudinal phaco technology in particular sub-
modes depending upon the cataract density; ena-
bling/disabling the occlusion mode technology, or adjust-
ing the occlusion threshold up/down, depending upon
cataract density; adjusting CASE mode parameters (up
time, up threshold, CASE vacuum, down threshold)
up/down in response to cataract density, intraoperative
floppy iris syndrome resulting from tamsulosin (Flomax®)
use and/or other floppy iris conditions; and adjusting
maximum vacuum up/down in response to anterior
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chamber depth.

[0023] Asthe surgeon performs the surgery, the phaco
system interprets user settings 108, the position of the
surgeon’s foot pedal, and/or other inputs into the system.
The actual values of all the instrument parameters at any
given moment in time are a function of the mix of these
inputs into the phaco system.

[0024] Duringthe procedure, system 100 monitors and
records in real time various instrument parameters in-
cluding, but not limited to, phaco power, phaco modes,
vacuum levels, flow rate, etc. These actual instrument
parameters can be analyzed and compared to the set-
tings that were used. Recommendations can then be
made for adjustments to the base settings that will result
in faster, safer and/or more efficient surgeries in the fu-
ture.

[0025] Another component of system 100 is real time
data collection module 109. This component is shown in
FIG. 3. Real time data collection module 109 monitors
the performance of the phaco system during surgery, and
records an accurate history of actual instrument settings
(real time data) 111 used for phaco instrument 110. Set-
tings 111 are stored as a sequence of settings frames.
Each frame contains settings 111 that were in use during
one particular instant of the surgery. The actual rate at
which frames are taken and stored may vary - depending
upon the complexity of the surgery, user preferences
and/or other circumstances. It is expected that frames
will be stored at least every 100 ms, and could be stored
as often as every 1 ms. Frames will be stored together
with the date and time at which they were collected.
[0026] The actual data to be collected and stored in
the frames may include, but is not limited to, actual and
maximum vacuum; actual and maximum phaco power;
actual and maximum flow; actual and maximum diather-
my power; actual and maximum vitrectomy cut rate; bot-
tle height; irrigation pressure; foot pedal zone; foot pedal
position (pitch and yaw); occlusion status; CASE status;
phaco system errors and warnings; pump type (ventu-
ri/peristaltic/combination); current active major mode;
current active sub-mode; current effective phaco time
(EPT) (effective phaco time is the total amount of time at
100% power during a procedure), non-longitudinal EPT
(also known as Ellips™ EPT or amplitude), average
phaco power throughout a procedure (AVG) and ultra-
sound time (UST) timers (which is the amount of time
ultrasound is used in the eye); phaco power delivery
mode and settings; non-longitudinal handpiece status
(on/off/duty cycle); WhiteStar® system status (on/off/du-
ty cycle); vacuum settings (linear/panel/non-zero start);
and flow settings (linear/panel).

[0027] It may not be necessary to collect all data in
every frame. There could be different frame rates for dif-
ferent pieces of data.

[0028] The collected instrument settings (real time da-
ta (frames)) 111 are stored in real time instrument data
database 112. Real time instrument data database 112
may contain all of the real-time data collected by phaco
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instrument 110 and may be easily indexed and searched
to extract any particular piece of data. Real time instru-
ment data database 112 may contain real-time data col-
lected from multiple surgeries, from multiple surgeons
and/or from multiple phaco systems.

[0029] Real time data 111 inputted into real time data
collection module 109 may be displayed on a graphical
user interface (GUI) as the real time data 111 is collected
and/or after one or more surgical procedures. Real time
data 111 stored in real time instrument database 112
may also be displayed on a GUI during or after one or
more surgical procedures. The real time data 111 dis-
played on the GUI may be selected by the user, including
how the real time data 111 is displayed, such as, but not
limited to, based on the average between multiple sur-
geries, based on a period of time, etc.

[0030] According to an embodiment, at time intervals
ty, to, t3,...t,, the actual vacuum and actual phaco power
may be collected by real time data collection module 109
and stored in real time instrument data database 112. In
addition to the foregoing time intervals or as an alterna-
tive, the actual flow and pump type may be collected at
intervals t,, t,, t., ....t, by real time data collection module
109 and stored in real time instrument data database
112. Any combination of data, including but not limited
to, actual, maximum, and minimum data of specific pa-
rameters, may be collected and stored during the surgery
atany time interval. The time intervals may be set and/or
programmed by each user or may be preprogrammed
time intervals that are set as a default. See FIG. 6 for a
flowchart of the process of real time data collection mod-
ule 109.

[0031] A component of system 100 is analysis module
113 shown in FIG. 4. Analysis module 113 may analyze
the collected instrument settings (real time data) 111 from
real time instrument data database 112. It may compare
real time instrument data database 112 with current sur-
geon preferences 103, surgical/patient circumstances
107, and/or base settings 104. As aresult of this analysis,
it will provide recommended changes 106 for changing
or adjusting base settings 104 and/or user settings 108.
See FIG. 7 for a flowchart of the process of surgeon pref-
erences filter 101.

[0032] The analysis may take many forms, including,
but not limited to analyzing the number of occlusions and
CASE events during the surgery; analyzing the number
of times there was a vacuum break from the non-CASE
vacuum level; analyzing the average phaco power com-
pared to the programmed maximum phaco power; ana-
lyzing the average vacuum (occluded and unoccluded)
compared to the programmed maximum vacuum; ana-
lyzing the use of the foot pedal and the surgeon’s use of
the linear modes for power, vacuum and flow; analyzing
percentage of time spent in the various modes and sub-
modes; and analyzing the balance of vacuum and irriga-
tion during the case.

[0033] Analysis module 113 may acceptinputfromone
or more sources, including, but not limited to, base set-
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tings 104, user settings 108, and real time instrument
data database 112. According to an embodiment, from
one of these sources, analysis module 113 can make
inferences/recommendations regarding changes to the
source to enhance the effectiveness of the surgical pro-
cedure and/or make the surgical procedure more effi-
cient. For example, from base settings 108, analysis
module 113 can make recommendations regarding im-
provements to base settings 108 for a more effective
and/or efficient surgery. According to another embodi-
ment, from any two of these sources, system 100 can
make inferences/recommendations regarding the third.
For example, from user settings 108 and instrument set-
tings (real time data) 111 from real time instrument data
database 112, analysis module 113 can make recom-
mendations regarding improvements to base settings
104 for a more effective and/or efficient surgery. From
base settings 104 and real time data 111, system 100
may make assumptions about the surgeon settings and
the associated surgical circumstances. From base set-
tings 104 and user settings 108, system 100 may make
assumptions about expected format of realtime data 111.
[0034] Analysis module 113 may function over a wide
variety of time scales. For example, it could be used to
make some basic recommendations after only a few min-
utes of surgery. Alternatively, it could be utilized to ana-
lyze surgical data following many days or weeks of sur-
gery. It is expected that the accuracy and validity of the
analysis engines recommendations will improve as the
amount of available data for analysis increases.

[0035] Any component in the system of the present
invention as described herein may operate alone or in
combination with any other component(s). For example,
surgeon preference filter 101 may be the only component
of system 100 operating for a period of time. Thus, only
base settings 104 will be created. Also envisioned is a
combination of components such as, surgical circum-
stances filter 105 and real time data collection module
109. When both components are operating, real time da-
ta 111 will be collected and stored and surgeon settings
108 will be created based upon one or more of base
settings 104, surgical circumstances 107, and recom-
mended changes 106. Additional components may be
added to the system of the present invention to assist
with customizing a surgical procedure, including but not
limited to components relating to capsulotomy, vitrecto-
my, and video analysis of a procedure (e.g. image anal-
ysis which is used to control various settings). Any ad-
justments and/or changes to any parameter may be
made automatically with or without user/surgeon input.
[0036] FIG.5illustrates a block diagram of system 100
defining various databases, data stores, and functional
modules that comprise system 100, and how they may
function together. Although the various databases are
shown as individual databases, one or more of the data-
bases discussed herein may be a single database or
housed in a single database. The single database may
be made up of sub-databases. Surgeon preferences 103,
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base settings 104, surgical/patient circumstances 107,
user/surgeon settings 108, recommended changes 106,
andreal-time data 111 may be stored in asingle database
or in any one of the other specific databases discussed
herein.

[0037] The system of the present invention offers a
number of advantages over the current approaches, in-
cluding:

a. Allowing for an easy selection of a variety of default
base settings tailored to a particular surgeon’s tech-
nique and preferences. These default settings are
likely to be more closely optimized for that surgeon
than a single "default" setting utilized by all surgeons.

b. Allowing the default settings to be easily tailored
to specific surgical conditions - such as cataractden-
sity, etc. These adjustments can greatly improve the
efficiency of the settings for a particular case.

c. Providing a consistent algorithm(s) for recom-
mending changes to the default programs. Itno long-
er depends upon the specific training of individual
Technical Specialists.

d. It would be continuously available on any system
on which it is installed. Thus, it no longer depends
upon the availability of an expensive, highly trained
Technical Specialist.

e. It can implement proprietary algorithms, which
would eliminate the concern that a Technical Spe-
cialist moving to a competitive company will take
competitive information/intellectual property with
them.

f. It can be reused at any time. For example, if the
surgeon wishes to update his technique or change
his preferences he may do so.

[0038] According to an embodiment, the frequency
with which the data is collected and stored may vary de-
pending upon a number of factors, including, but not lim-
ited to, the particular phase of the surgery (i.e. phaco
mode my require more frequent data than diathermy
mode); the capability of the hardware on which the sys-
tem is implemented; and the preferences of the users.
The most likely implementation will collect dataevery 100
milliseconds, but might realistically be as often as every
1 millisecond or even faster depending upon the capa-
bilities of the underlying hardware.

[0039] System 100 may be implemented to perform
analysis in a variety of ways at the request of the user.
The user may ask system 100 to perform an analysis and
make recommendations based upon any number of con-
ditions including, but not limited to, all cases within a par-
ticular time frame - hours, days, weeks, etc.; over a par-
ticular number of cases; by a particular surgeon; and/or
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matching a set of surgical circumstances. Analysis might
also be done on any combination of these criteria - for
example analyze all cases performed by a particular doc-
tor between July 1 and September 30 with a cataract
density of 3 or higher.

[0040] The system recommendations could be auto-
matically implemented into the base settings, or the sys-
tem could make only recommendations. Such recom-
mendations would require approval by the surgeon or
the tech specialist before they would be implemented.
The system may be utilized to make settings changes
interoperatively as the surgery proceeds or after the com-
pletion of the surgery or multiple surgeries. The user/sur-
geon may also have the option of running or not running
particularfilters and/or modules or algorithms of the filters
and/or modules. The user/surgeon may also have the
option of accepting and/or rejecting various recommen-
dations from the system. The user/surgeon may also lock
particular base settings, user/surgeon settings, etc., e.g.
vacuum, power, etc.

[0041] Also, the system may allow input of surgical/pa-
tient circumstances 107 by the user to make choices
based upon icons that look like slit lamp images, Penta-
cam® images or other diagnostic images that would be
familiar to a typical cataract surgeon.

[0042] The present invention may be extended to in-
clude settings, circumstances and analysis appropriate
for vitreo-retinal and other posterior segment surgeries.
Analysis may be targeted to optimize certain aspects of
the surgery - for example to minimize the amount of
phaco energy, or to maximize the use of the CASE mode
[0043] Although the present invention has been de-
scribed in terms of specific embodiments, changes and
modifications can be carried out without departing from
the scope of the invention which is limited only by the
scope of the claims.

Claims
1. A system, comprising:

an analysis module (113) comprising one or
more algorithms and is configured to use one or
more base settings (104), one or more user set-
tings (108), and/or one or more real time instru-
ment data (112) to recommend one or more
changes to the one or more base settings (104)
and/or one or more user settings (108);

one or more components selected from the
group consisting of a user preference filter (101),
a surgical circumstances filter (105), and a real
time data collection module (109),

wherein the user preference filter (101)
comprises one or more algorithms and is
configured to use a default programs data-
base (102) and user preferences (103) to
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generate one or more base settings (104),
wherein the surgical circumstances filter
comprises (105) one or more algorithms
and is configured to use one or more select-
ed from the group consisting of: one or more
base settings (104), one or more recom-
mended changes (106), and one or more
surgical/patient circumstances (107) to
generate one or more user settings (108),

wherein the real time data collection module
(109) is configured to monitor and/or record
the real time data (111) collected using a
surgical instrument (110) and store the real
time data in a real time instrument data da-
tabase (112), and

wherein the recommended changes to the
one or more base settings (104) and/or one
or more user settings (108) are automati-
cally implemented; and

a surgical instrument (110) configured to oper-
ate based on one or more user settings (108),
wherein the real time data collection module
(109) is configured to monitor and/or record the
real time data (111) collected using the surgical
instrument (110), the analysis module (113) is
configured to use the real time instrument data
database (112) comprising the real time instru-
ment data (111), and the surgical instrument
(110) is an ophthalmic surgical instrument.

The system of claim 1, wherein the ophthalmic sur-
gical instrument is a phacoemulsification instrument.

The system of one of the preceding claims, wherein
one or more user preferences (103) is selected from
the group consisting of:

phacoemulsification tip style, phacoemulsification
tip size, phacoemulsification sleeve style, phacoe-
mulsification sleeve size, vacuum based pump, flow
based pump, sound, foot pedal type, foot pedal set-
tings, and surgical technique.

The system of one of the preceding claims, wherein
the one or more surgical preferences is selected from
the group consisting of: cataract density, anterior
chamber depth, anterior chamber volume, patient
identification, disease state, and intraocular lens

type.

The system of one of the preceding claims, wherein
the one or more algorithms is selected from the group
consisting of: adjusting maximum phacoemulsifica-
tion power in response to cataract density; adjusting
vacuum and/or flow settings in response to increase
or decreases in anterior chamber depth, lowering
maximum vacuum settings in response to disease
state or condition, adjusting chamber automated sta-
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bilization environment parameters in response to
cataract density, enabling or disabling ultrasonic
mode based on cataract density, adjusting chamber
automated stabilization environment parameters in
response to disease state or condition, and adjusting
maximum vacuum setting in response to anterior
chamber depth.

The system of one of the preceding claims, wherein
the real time data (111) comprises one or more se-
lected from the group consisting of:

actual vacuum level, maximum vacuum level, actual
phacoemulsification power, maximum phacoemulsi-
fication power, actual flow rate, maximum flow rate,
actual diathermy power, maximum diathermy power,
actual vitrectomy cut rate, maximum vitrectomy cut
rate, bottle height, irrigation pressure, foot pedal
zone, foot pedal position, occlusion status, chamber
automated stabilization environment status, system
errors, system warnings, pump type, current active
major mode, current active sub-mode, current effec-
tive phacoemulsification time, non-longitudinal ef-
fective phacoemulsification time, average phacoe-
mulsification power during a procedure, amount of
time ultrasound is used in an eye, phacoemulsifica-
tion power delivery mode, phacoemulsification pow-
er delivery settings, handpiece duty cycle, hand-
piece on time, handpiece off time, ultrasonic power
duty cycle, ultrasonic power on time, ultrasonic pow-
er off time, vacuum settings, and flow settings.

The system of one of the preceding claims, wherein
the analysis module (113) is configured to analyze
one or more selected from the group consisting of:
number of occlusions, number of chamber automat-
ed stabilization environment (CASE) events, number
of vacuum breaks from non-CASE vacuum level, av-
erage phacoemulsification power comparedto a pro-
grammed maximum power, average vacuum com-
pared to a programmed maximum vacuum for oc-
clusion, average vacuum compared to a pro-
grammed maximum vacuum for no occlusion, use
of a foot pedal, use of linear modes for power, vac-
uum, and/or flow, percentage of time spentin various
modes and/or sub-modes, and balance of vacuum
and irrigation during a procedure.

A method for customizing user programs in a surgical
system, comprising:

inputting into a user preference filter (101) one
or more default program settings from a default
programs database (102) and one or more user
preferences (103);

generating one or more base settings (104) from
the user preference filter (101);

inputting into a surgical circumstances filter
(105) one or more selected from the group con-
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sisting of the one or more base settings (104)
and one or more surgical/patient circumstances
(107);

generating one or more user settings (108) from
the surgical circumstances filter (105);
applying the one or more user settings (108) to
a surgical instrument (110);

monitoring real time data using a real time data
collection module (109);

recording the real time data in the real time data
collection module;

generating areal time instrument data database
(112) based on the real time data (111);
imputing into an analysis module (113) one or
more selected from the group consisting of the
real time data (111), the one or more base set-
tings (104), and the one or more user settings
(108); and

generating recommended changes (106) to the
one or more base settings (104), the one or more
user settings (108), and/or the one or more sur-
gical circumstance algorithms,

wherein the recommended changes to the one
or more base settings (104) and/or one or more
user settings (108) are automatically implement-
ed,

wherein the surgical instrument (110) is an oph-
thalmic surgical instrument.

The method of claim 8, wherein the ophthalmic sur-
gicalinstrument is a phacoemulsification instrument.

The method of one of claims 8 or 9, wherein one or
more user preferences (103) is selected from the
group consisting of:

phacoemulsification tip style, phacoemulsification
tip size, phacoemulsification sleeve style, phacoe-
mulsification sleeve size, vacuum based pump, flow
based pump, sound, foot pedal type, foot pedal set-
tings, and surgical technique.

The method of one of claims 8 to 10, wherein the
one or more surgical preferences (107) is selected
from the group consisting of: cataract density, ante-
rior chamber depth, anterior chamber volume, pa-
tient identification, disease state, and intraocular
lens type.

The method of one of claims 8 to 11, wherein the
real time data (111) comprises one or more selected
from the group consisting of:

actual vacuum level, maximum vacuum level, actual
phacoemulsification power, maximum phacoemulsi-
fication power, actual flow rate, maximum flow rate,
actual diathermy power, maximum diathermy power,
actual vitrectomy cut rate, maximum vitrectomy cut
rate, bottle height, irrigation pressure, foot pedal
zone, foot pedal position, occlusion status, chamber
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automated stabilization environment status, system
errors, system warnings, pump type, current active
major mode, current active sub-mode, current effec-
tive phacoemulsification time, non-longitudinal ef-
fective phacoemulsification time, average phacoe-
mulsification power during a procedure, amount of
time ultrasound is used in an eye, phacoemulsifica-
tion power delivery mode, phacoemulsification pow-
er delivery settings, handpiece duty cycle, hand-
piece on time, handpiece off time, ultrasonic power
duty cycle, ultrasonic power on time, ultrasonic pow-
er off time, vacuum settings, and flow settings.

The method of one of claims 8 to 12, wherein the
analysis module (113) is configured to analyze one
or more selected from the group consisting of:
number of occlusions, number of chamber automat-
ed stabilization environment (CASE) events, number
of vacuum breaks from non-CASE vacuum level, av-
erage phacoemulsification power comparedto a pro-
grammed maximum power, average vacuum com-
pared to a programmed maximum vacuum for oc-
clusion, average vacuum compared to a pro-
grammed maximum vacuum for no occlusion, use
of a foot pedal, use of linear modes for power, vac-
uum, and/or flow, percentage of time spend in vari-
ous modes and/or sub-modes, and balance of vac-
uum and irrigation during a procedure.

The method of one of claims 8 to 13, wherein the
default program settings comprise one or more se-
lected from the group consisting of stored base set-
tings (104) and stored user preferences (103).

A computer-readable medium having computer-ex-
ecutable instructions that, when executed by a com-
puter, cause the computer to perform a method ac-
cording to one of claims 8 to 14.

A computer-readable medium according to claim 15
having stored thereon a data structure, said data
structure providing:

a user preference filter (101), wherein the user
preference filter is configured to use a default
programs database (102) and user preferences
(103) to generate one or more base settings
(104);

a surgical circumstancesfilter (105), wherein the
surgical circumstances filter (105) is configured
to use the one or more selected from the group
consisting of: the one or more base settings
(104) and one or more surgical/patient circum-
stances (107) to generate one or more user set-
tings (108);

an opthalmic surgical instrument (110), wherein
the ophthalmic surgical instrument (110) is con-
figured to operate based on the one or more
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user settings (108);

areal time data collection module (109), wherein
the real time data collection module (109)is con-
figured to monitor and/or record the real time
data (111) collected using the ophthalmic surgi-
cal instrument (110) and store the real time data
(111) in a real time instrument data database
(112); and

an analysis module (113), wherein the analysis
module (113) is configured to use the real time
instrument data database (112) comprising real
timeinstrumentdata(111), the one ormore base
settings (104), and/or the one or more user set-
tings (108) to recommend one or more changes
to the one or more base settings (104), the one
or more surgical circumstances algorithms,
and/or the one or more user settings (108).

Patentanspriiche

System, umfassend:

ein Analysemodul (113), das einen oder meh-
rere Algorithmen umfasst und konfiguriert ist,
umeine oder mehrere Basiseinstellungen (104),
eine oder mehrere Benutzereinstellungen (108)
und/oder ein oder mehrere Echtzeit-Instrument-
daten (112) zu verwenden, um eine oder meh-
rere Anderungen an der einen oder den mehre-
ren Basiseinstellungen (104) und/oder einer
oder mehreren Benutzereinstellungen (108) zu
empfehlen;

eine oder mehrere Komponenten ausgewahlt
aus der Gruppe bestehend aus einem Benut-
zerpraferenZfilter (101), einem Filter fur Opera-
tionsumstande (105) und einem Echtzeit-Date-
nerhebungsmodul (109),

wobei das BenutzerpraferenZfilter (101) ei-
nen oder mehrere Algorithmen umfasst und
konfiguriert ist, um eine Datenbank der
Standardprogramme (102) und Benutzer-
praferenzen (103) zu verwenden, um eine
oder mehrere Basiseinstellungen (104) zu
generieren,

wobei das Filter fiir Operationsumstande
(105) einen oder mehrere Algorithmen um-
fasst und konfiguriert ist, um eine oder meh-
rere ausgewahltaus der Gruppe zu verwen-
den, bestehend aus: einer oder mehreren
Basiseinstellungen (104), einer oder meh-
reren empfohlen Anderungen (106), und ei-
nem oder mehreren Umstanden von Ope-
ration/Patient (107), um eine oder mehrere
Benutzereinstellungen (108) zu generieren,
wobei das Echtzeit-Datenerhebungsmodul
(109) konfiguriert ist, um die Echtzeitdaten
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(111) zu Gberwachen und/oder aufzuzeich-
nen, die unter Verwendung eines chirurgi-
schen Instruments (110) erhoben wurden,
und die Echtzeitdaten in einer Datenbank
fur Echtzeit-Instrumentendaten (112) zu
speichern, und

wobei die empfohlenen Anderungen an der
einen oder den mehreren Basiseinstellun-
gen (104)und/oder dereinen oder den meh-
reren Benutzereinstellungen (108) automa-
tisch implementiert werden; und

ein chirurgisches Instrument (110), das konfigu-
riert ist, um basierend auf einer oder mehreren
Benutzereinstellungen (108) betrieben zu wer-
den,

wobei das Echtzeit-Datenerhebungsmodul
(109) konfiguriertist, um die Echtzeitdaten (111)
zu Uberwachen und/oderaufzuzeichnen, die un-
ter Verwendung des chirurgischen Instruments
(110) erhoben wurden, wobei das Analysemo-
dul (113) konfiguriert ist, um die Datenbank fur
Echtzeit-Instrumentendaten (112) zu verwen-
den, welche die Echtzeit-Instrumentendaten
(111) umfasst, und

wobei das chirurgische Instrument (110) ein
ophthalmisches chirurgisches Instrument ist.

System nach Anspruch 1, wobei das ophthalmische
chirurgische Instrument ein Phakoemulsifikationsin-
strument ist.

System nach einem der vorhergehenden Anspri-
che, wobei eine oder mehrere Benutzerpraferenzen
(103) ausgewahlt ist bzw. sind aus der Gruppe be-
stehend aus:

Art der Phakoemulsifikationsspitze, GréRe der Pha-
koemulsifikationsspitze, Art der Phakoemulsifikati-
onshilse, GroRe der Phakoemulsifikationshilse,
Pumpe auf Vakuumbasis, Pumpe auf Durchflussba-
sis, Klang, FulRpedaltyp, FuRpedaleinstellungen und
Operationstechnik.

System nach einem der vorhergehenden Anspri-
che, wobei die eine oder mehreren chirurgischen
Praferenzen ausgewahltist bzw. sind aus der Grup-
pe bestehend aus: Kataraktdichte, Tiefe der vorde-
ren Augenkammer, Volumen der vorderen Augen-
kammer, Patientenidentifikation, Erkrankungsstadi-
um und Typ der Intraokularlinse.

System nach einem der vorhergehenden Anspri-
che, wobei der eine oder die mehreren Algorithmen
ausgewahlt ist bzw. sind aus der Gruppe bestehend
aus: Anpassen der maximalen Phakoemulsifikati-
onsleistung in Reaktion auf die Kataraktdichte; An-
passen von Vakuum- und/oder Durchflusseinstel-
lungen in Reaktion auf Anstiege oder Abnahmen in
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der Tiefe der vorderen Augenkammer, Absenken
der maximalen Vakuumeinstellungen in Reaktion
auf Erkrankungsstadium oder -zustand, Anpassen
der Parameter der automatischen Kammerstabili-
sierungsumgebung in Reaktion auf die Kataraktdich-
te, Aktivieren oder Deaktivieren des Ultraschallmo-
dus basierend auf der Kataraktdichte, Anpassen der
Parameter der automatischen Kammerstabilisie-
rungsumgebung in Reaktion auf Erkrankungsstadi-
um oder -zustand, und Anpassen der maximalen Va-
kuumeinstellung in Reaktion auf die Tiefe der vor-
deren Augenkammer.

System nach einem der vorhergehenden Anspri-
che, wobei die Echtzeitdaten (111) ein oder mehrere
umfasstbzw. umfassen, die ausgewahltist bzw. sind
aus der Gruppe bestehend aus:

tatsachlichem Vakuumniveau, maximalem Vakuum-
niveau, tatsachlicher Phakoemulsifikationsleistung,
maximaler Phakoemulsifikationsleistung, tatsachli-
cher Durchflussrate, maximaler Durchflussrate, tat-
sachlicher Diathermieleistung, maximaler Diather-
mieleistung, tatsachlicher Vitrektomieschneidrate,
maximaler Vitrektomierschneidrate, Flaschenhohe,
Irrigationsdruck, FuBpedalzone, Fupedalposition,
Okklusionsstatus, Status der automatischen Kam-
merstabilisierungsumgebung, Systemfehlern, Sys-
temwarnungen, Pumpentyp, aktuell aktivem Haupt-
modus, aktuell aktivem Submodus, aktuell effektiver
Phakoemulsifikationszeit, nichtlangsgerichteter ef-
fektiver Phakoemulsifikationszeit, durchschnittlicher
Phakoemulsifikationsleistung wéahrend eines Ein-
griffs, Zeitdauer, die Ultraschall in einem Auge ver-
wendet wird, Abgabemodus der Phakoemulsifikati-
onsleistung, Abgabeeinstellungen der Phakoemul-
sifikationsleistung, Lastzyklus des Handstticks, Ein-
schaltzeit des Handstlicks, Abschaltzeit des Hand-
stlicks, Lastzyklus der Ultraschallleistung, Ein-
schaltzeit der Ultraschallleistung, Abschaltzeit der
Ultraschallleistung,  Vakuumeinstellungen  und
Durchflusseinstellungen.

System nach einem der vorhergehenden Anspri-
che, wobei das Analysemodul (113) konfiguriert ist,
um ein oder mehrere ausgewahlt aus der Gruppe zu
analysieren, welche aus folgenden besteht: Anzahl
der Okklusionen, Anzahl der Ereignisse der automa-
tischen Kammerstabilisierungsumgebung (CASE),
Anzahl der Vakuumunterbrechungen aus dem
Nicht-CASE-Vakuumniveau, durchschnittlicher
Phakoemulsifikationsleistung, verglichen mit einer
programmierten Maximalleistung, durchschnittli-
chem Vakuum, verglichen mit einem programmier-
ten Maximalvakuum fir die Okklusion, durchschnitt-
lichem Vakuum, verglichen mit einem programmier-
ten maximalen Vakuum fiir den Zustand ohne Ok-
klusion, Verwendung eines FuBpedals, Verwen-
dung von linearen Modi fiir Leistung, Vakuum
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und/oder Durchfluss, Prozentsatz der Zeit, diein ver-
schiedenen Modi und/oder Submodi verbracht wur-
de, und Bilanz von Vakuum und Irrigation wahrend
eines Eingriffs.

Verfahren zum individuellen Anpassen von Benut-
zerprogrammen in einem chirurgischen System, um-
fassend:

Eingeben von einer oder mehreren Standard-
programmeinstellungen aus einer Datenbank
fur Standardprogramme (102) und einer oder
mehreren Benutzerpraferenzen (103) in ein Be-
nutzerpraferenzfilter (101);

Generieren von einer oder mehreren Basisein-
stellungen (104) aus dem Benutzerpraferenzfi-
ler (101);

Eingeben von einer oder mehreren ausgewahlt
aus der Gruppe bestehend aus der einen oder
den mehreren Basiseinstellungen (104) und ei-
nem oder mehreren Umstéanden von Operati-
on/Patient (107) in das Filter der Operationsum-
stdnde (105);

Generieren von einer oder mehreren Benutze-
reinstellungen (108) aus dem Filter der Opera-
tionsumstande (105);

Anwenden der einen oder mehreren Benutzer-
einstellungen (108) auf ein chirurgisches Instru-
ment (110);

Uberwachen von Echtzeitdaten unter Verwen-
dung eines Echtzeit-Datenerhebungsmoduls
(109);

Aufzeichnen der Echtzeitdaten in dem Echtzeit-
Datenerhebungsmodul;

Generieren einer Datenbank fiir Echtzeit-Instru-
mentdaten (112) basierend auf den Echtzeitda-
ten (111) ;

Eingeben von einer oder mehreren ausgewahlt
aus der Gruppe bestehend aus den Echtzeitda-
ten (111), der einen oder den mehreren Basis-
einstellungen (104) und der einen oder den
mehreren Benutzereinstellungen (108) in ein
Analysemodul (113); und

Generieren von empfohlenen Anderungen
(106) an der einen oder den mehreren Basis-
einstellungen (104), der einen oder den mehre-
ren Benutzereinstellungen (108) und/oder dem
einen oder den mehreren Algorithmen fiir Ope-
rationsumstande,

wobei die empfohlenen Anderungen an der ei-
nen oder den mehreren Basiseinstellungen
(104) und/oder einen oder mehreren Benutzer-
einstellungen (108) automatisch implementiert
werden;

wobei das chirurgische Instrument (110) ein
ophthalmisches chirurgisches Instrument ist.

9. Verfahren nach Anspruch 8, wobei das ophthalmi-
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sche chirurgische Instrument ein Phakoemulsifikati-
onsinstrument ist.

Verfahren nach einem der Anspriiche 8 oder 9, wo-
bei eine oder mehrere Benutzerpraferenzen (103)
ausgewahlt ist bzw. sind aus der Gruppe bestehend
aus:

Art der Phakoemulsifikationsspitze, Groe der Pha-
koemulsifikationsspitze, Art der Phakoemulsifikati-
onshilse, GroRe der Phakoemulsifikationshilse,
Pumpe auf Vakuumbasis, Pumpe auf Durchflussba-
sis, Klang, FulRpedaltyp, FuBpedaleinstellungen und
Operationstechnik.

Verfahren nach einemder Anspriiche 8 bis 10, wobei
die eine oder mehreren chirurgischen Praferenzen
(107) ausgewanhlt ist bzw. sind aus der Gruppe be-
stehend aus: Kataraktdichte, Tiefe der vorderen Au-
genkammer, Volumen der vorderen Augenkammer,
Patientenidentifikation, Erkrankungsstadium und
Typ der Intraokularlinse.

Verfahren nach einemder Anspriiche 8 bis 11, wobei
die Echtzeitdaten (111) ein oder mehrere umfassen,
die ausgewahlt ist bzw. sind aus der Gruppe beste-
hend aus:

tatsachlichem Vakuumniveau, maximalem Vakuum-
niveau, tatsachlicher Phakoemulsifikationsleistung,
maximaler Phakoemulsifikationsleistung, tatsachli-
cher Durchflussrate, maximaler Durchflussrate, tat-
sachlicher Diathermieleistung, maximaler Diather-
mieleistung, tatsachlicher Vitrektomieschneidrate,
maximaler Vitrektomierschneidrate, Flaschenhohe,
Irrigationsdruck, FuBpedalzone, FuRpedalposition,
Okklusionsstatus, Status der automatischen Kam-
merstabilisierungsumgebung, Systemfehlern, Sys-
temwarnungen, Pumpentyp, aktuell aktivem Haupt-
modus, aktuell aktivem Submodus, aktuell effektiver
Phakoemulsifikationszeit, nichtlangsgerichteter ef-
fektiver Phakoemulsifikationszeit, durchschnittlicher
Phakoemulsifikationsleistung wahrend eines Ein-
griffs, Zeitdauer, die Ultraschall in einem Auge ver-
wendet wird, Abgabemodus der Phakoemulsifikati-
onsleistung, Abgabeeinstellungen der Phakoemul-
sifikationsleistung, Lastzyklus des Handstticks, Ein-
schaltzeit des Handstlicks, Abschaltzeit des Hand-
stlicks, Lastzyklus der Ultraschallleistung, Ein-
schaltzeit der Ultraschallleistung, Abschaltzeit der
Ultraschallleistung, = Vakuumeinstellungen  und
Durchflusseinstellungen.

Verfahren nach einemder Anspriiche 8 bis 12, wobei
das Analysemodul (113) konfiguriert ist, um ein oder
mehrere ausgewahlt aus der Gruppe zu analysieren,
welche aus folgenden besteht: Anzahl der Okklusi-
onen, Anzahl der Ereignisse der automatischen
Kammerstabilisierungsumgebung (CASE), Anzahl
derVakuumunterbrechungen aus dem Nicht-CASE-
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Vakuumniveau, durchschnittlicher Phakoemulsifi-
kationsleistung, verglichen mit einer programmier-
ten Maximalleistung, durchschnittlichem Vakuum,
verglichen mit einem programmierten Maximalvaku-
um fir die Okklusion, durchschnittichem Vakuum,
verglichen mit einem programmierten maximalen
Vakuum fir den Zustand ohne Okklusion, Verwen-
dung eines FuRpedals, Verwendung von linearen
Modi fur Leistung, Vakuum und/oder Durchfluss,
Prozentsatz der Zeit, die in verschiedenen Modi
und/oder Submodi verbracht wurde, und Bilanz von
Vakuum und Irrigation wahrend eines Eingriffs.

Verfahren nach einem der Anspriiche 8 bis 13, wobei
die Standardprogrammeinstellungen eine oder
mehrere ausgewahlt aus der Gruppe umfassen, die
aus gespeicherten Basiseinstellungen (104) und ge-
speicherten Benutzerpraferenzen (103) besteht.

Computerlesbares Medium mit computerausfiihrba-
ren Anweisungen, die bei Ausfiihrung durch einen
Computer bewirken, dass der Computer ein Verfah-
ren nach einem der Anspriiche 8 bis 14 durchfiihrt.

Computerlesbares Medium nach Anspruch 15, auf
dem eine Datenstruktur gespeichert ist, wobei die
Datenstruktur bereitstellt:

ein BenutzerpraferenZfilter (101), wobeidas Be-
nutzerpraferenzfilter konfiguriert ist, um eine
Datenbank der Standardprogramme (102) und
Benutzerpraferenzen (103) zu verwenden, um
eine oder mehrere Basiseinstellungen (104) zu
generieren;

ein Filter fir Operationsumstande (105), wobei
das Filter fur Operationsumstande (105) konfi-
guriert ist, um die eine oder mehreren ausge-
wahlt aus der Gruppe zu verwenden, bestehend
aus: einer oder mehreren Basiseinstellungen
(104), und einem oder mehreren Umstanden
von Operation/Patient (107), um eine oder meh-
rere Benutzereinstellungen (108) zu generie-
ren;

ein ophthalmisches chirurgisches Instrument
(110), wobei das ophthalmische chirurgische In-
strument (110) konfiguriertist, um basierend auf
der einen oder den mehreren Benutzereinstel-
lungen (108) betrieben zu werden;

ein Echtzeit-Datenerhebungsmodul (109), wo-
bei das Echtzeit-Datenerhebungsmodul (109)
konfiguriert ist, um die Echtzeitdaten (111) zu
Uberwachen und/oder aufzuzeichnen, die unter
Verwendung eines ophthalmischen chirurgi-
schen Instruments (110) erhoben wurden, und
die Echtzeitdaten (111) in einer Datenbank fur
Echtzeit-Instrumentendaten (112) zu speichern;
und

ein Analysemodul (113), wobei das Analysemo-
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dul (113) konfiguriert ist, um die Datenbank fiir
Echtzeit-Instrumentdaten (112) zu verwenden,
die Echtzeit-Instrumentdaten (111), die eine
oder mehreren Basiseinstellungen (104)
und/oder die eine oder mehreren Benutzerein-
stellungen (108) umfasst, um eine oder mehrere
Anderungen an der einen oder den mehreren
Basiseinstellungen (104), dem einen oder den
mehreren Algorithmen der Operationsumstan-
de und/oder der einen oder den mehreren Be-
nutzereinstellungen (108) zu empfehlen.

Revendications

Systeme, comprenant :

un module d’analyse (113) comprenant un ou
plusieurs algorithmes et qui est configuré pour
utiliser un ou plusieurs paramétres de base
(104), un ou plusieurs paramétres utilisateur
(108), et/ou une ou plusieurs données d’instru-
ment en temps réel (112) pour recommander un
ou plusieurs changements pour les un ou plu-
sieurs parametres de base (104) et/ou les un ou
plusieurs parametres utilisateur (108) ;

un ou plusieurs composants sélectionnés dans
le groupe constitué d’un filtre de préférences de
l'utilisateur (101), d’'un filtre de circonstances
chirurgicales (105) et d'un module de collecte
de données en temps réel (109),

ou le filtre de préférences de I'utilisateur (101)
comprend un ou plusieurs algorithmes et est
configuré pour utiliser une base de données de
programmes par défaut (102) et les préférences
de I'utilisateur (103) pour générer un ou plu-
sieurs paramétres de base (104),

ou le filtre de circonstances chirurgicales com-
prend (105) un ou plusieurs algorithmes et est
configuré pour utiliser un ou plusieurs éléments
sélectionnés dans le groupe constitué de : un
ou plusieurs parametres de base (104), un ou
plusieurs changements recommandés (106), et
une ou plusieurs circonstances chirurgicales
et/ou relatives au patient (107) pour générer un
ou plusieurs parametres utilisateur (108),

ou le module de collecte de données en temps
réel (109) est configuré pour surveiller et/ou en-
registrer les données en temps réel (111) col-
lectées au moyen d’'un instrument chirurgical
(110) et pour stocker les données en temps réel
dans une base de données d’instrument en
temps réel (112), et

ou les changements recommandés d’un ou plu-
sieurs parameétres de base (104) et/ou d’un ou
plusieurs parametres utilisateur (108) sont auto-
matiquement mis en ceuvre ; et

un instrument chirurgical (110) configuré pour
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fonctionner sur la base d’'un ou plusieurs para-
métres utilisateur (108),

ou le module de collecte de données en temps
réel (109) est configuré pour surveiller et/ou en-
registrer les données en temps réel (111) col-
lectées au moyen de l'instrument chirurgical
(110), le module d’analyse (113) est configuré
pour utiliser la base de données de données
d’instrument en temps réel (112) comprenant
les données d’instrument en temps réel (111),
et I'instrument chirurgical (110) est un instru-
ment de chirurgie ophtalmique.

Systéme selon la revendication 1, dans lequel I'ins-
trument chirurgical ophtalmique est un instrument
de phacoémulsification.

Systéme selon 'une des revendications précéden-
tes, dans lequel une ou plusieurs préférences d’uti-
lisateur (103) sont sélectionnées dans le groupe
constitué par:

un style d’'embout de phacoémulsification, une taille
d’embout de phacoémulsification, un style de man-
chon de phacoémulsification, une taille de manchon
de phacoémulsification, une pompe avide, une pom-
pe a débit, un son, un type de pédale, des parame-
tres de pédale et une technique chirurgicale.

Systéme selon 'une des revendications précéden-
tes, dans lequel les une ou plusieurs préférences
chirurgicales sont sélectionnées dans le groupe
constitué par : la densité de la cataracte, la profon-
deurdelachambre antérieure, le volume de lacham-
bre antérieure, I'identification du patient, I'état de la
maladie et le type de lentille intraoculaire.

Systéme selon 'une des revendications précéden-
tes, dans lequel les un ou plusieurs algorithmes sont
sélectionnés dans le groupe constitué des opéra-
tions suivantes : I'ajustement de la puissance maxi-
male de phacoémulsification en réponse a la densité
de lacataracte ;I'ajustementdes paramétres de vide
et/ou de débit en réponse a 'augmentation ou a la
diminution de la profondeur de la chambre antérieu-
re, la réduction des parametres de vide maximal en
réponse alI'étatou a la condition de la maladie, I'ajus-
tement des parametres environnementaux de stabi-
lisation automatique de la chambre en réponse a la
densité de la cataracte, I'activation ou la désactiva-
tion du mode ultrasonique sur la base de la densité
de la cataracte, I'ajustement des parametres envi-
ronnementaux de stabilisation automatique de la
chambre en réponse a I'état ou a la condition de la
maladie, et I'ajustement du paramétre du vide maxi-
mal en réponse a la profondeur de la chambre an-
térieure.

Systéme selon 'une des revendications précéden-
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tes, dans lequel les données en temps réel (111)
comprennent une ou plusieurs données sélection-
nées dans le groupe constitué des données
suivantes :

le niveau de vide réel, le niveau de vide maximal, la
puissance de phacoémulsification réelle, la puissan-
ce de phacoémulsification maximale, le débit réel,
le débit maximal, la puissance diathermique réelle,
la puissance diathermique maximale, la vitesse de
coupe par vitrectomie réelle, la vitesse de coupe par
vitrectomie maximale, la hauteur du flacon, la pres-
sion d’irrigation, la zone de la pédale, la position de
la pédale, I'état de I'occlusion, I'état de I'environne-
ment de stabilisation automatique de la chambre,
les erreurs du systéme, les avertissements du sys-
teme, le type de pompe, le mode principal actif cou-
rant, le sous-mode actif courant, le temps de pha-
coémulsification effective courant, le temps de pha-
coémulsification effective non-longitudinal, la puis-
sance moyenne de phacoémulsification pendant
une procédure, la durée d'utilisation des ultrasons
dans I'ceil, le mode d’administration de la puissance
de phacoémulsification, les paramétres de I'admi-
nistration de la puissance de phacoémulsification, le
cycle d'utilisation de la piece a main, le temps de
mise en marche de la piéce a main, le temps d’arrét
delapiece amain, le cycle d’utilisation des ultrasons,
le temps de mise en marche des ultrasons, le temps
d’arrét des ultrasons, les parameétres du vide et les
parametres du débit.

Systeme selon I'une des revendications précéden-
tes, dans lequel le module d’analyse (113) est con-
figuré pour analyser un ou plusieurs éléments sélec-
tionnés dans le groupe constitué des éléments
suivants : le nombre d’occlusions, le nombre d’évé-
nements de I'environnement de stabilisation auto-
matique de la chambre (CASE), le nombre de rup-
tures de vide par rapport au niveau de vide non-CA-
SE, la puissance moyenne de phacoémulsification
par rapport a une puissance maximale programmee,
le vide moyen par rapport a un vide maximal pro-
grammeé pour 'occlusion, le vide moyen par rapport
a un vide maximal programmé pour I'absence d’'oc-
clusion, I'utilisation d’'une pédale, I'utilisation de mo-
des linéaires pour la puissance, le vide et/ou le débit,
le pourcentage de temps passé dans divers modes
et/ou sous-modes, et I'équilibre entre le vide et I'ir-
rigation pendant une procédure.

Procédé de personnalisation de programmes utili-
sateur dans un systeme chirurgical, comprenant les
étapes suivantes :

entrer dans un filtre de préférences de I'utilisa-
teur (101) un ou plusieurs paramétres de pro-
grammes par défaut provenant d’'une base de
données de programmes par défaut (102) etune
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ou plusieurs préférences de l'utilisateur (103) ;
générer un ou plusieurs parametres de base
(104) a partir du filire des préférences de I'utili-
sateur (101) ;

entrer dans un filtre de circonstances chirurgi-
cales (105) un ou plusieurs éléments sélection-
nés dans le groupe constitué d’un ou plusieurs
parameétres de base (104) et d’'une ou plusieurs
circonstances chirurgicales et/ou relatives au
patient (107) ;

générer un ou plusieurs paramétres utilisateur
(108) a partir du filtre de circonstances chirurgi-
cales (105) ;

appliquer les un ou plusieurs parametres utili-
sateur (108) a un instrument chirurgical (110) ;
surveiller les données en temps réel au moyen
d’'un module de collecte de données en temps
réel (109) ;

enregistrer les données en temps réel dans le
module de collecte de données en temps réel ;
générerune base de données de donnéesd’ins-
trumenten temps réel (112) surlabase des don-
nées en temps réel (111) ;

entrer dans un module d’analyse (113) un ou
plusieurs éléments sélectionnés dans le groupe
constitué par les données en temps réel (111),
les un ou plusieurs parameétres de base (104)
et les un ou plusieurs paramétres utilisateur
(108) ; et

générer les changements recommandées (106)
pour les un ou plusieurs paramétres de base
(104), les un ou plusieurs parameétres utilisateur
(108) et/ou les un ou plusieurs algorithmes de
circonstances chirurgicales,

ou les changements recommandés des un ou
plusieurs parameétres de base (104) et/ou des
unou plusieurs parametres utilisateur (108) sont
automatiquement mises en ceuvre,

ou linstrument chirurgical (110) est un instru-
ment de chirurgie ophtalmique.

Procédé selon la revendication 8, dans lequel I'ins-
trument chirurgical ophtalmique est un instrument
de phacoémulsification.

Procédé selon I'une des revendications 8 et 9, dans
lequel une ou plusieurs préférences d'utilisateur
(103) sont sélectionnées dans le groupe constitué
par:

un style d’'embout de phacoémulsification, une taille
d’embout de phacoémulsification, un style de man-
chon de phacoémulsification, une taille de manchon
de phacoémulsification, une pompe avide, une pom-
pe a débit, un son, un type de pédale, des parame-
tres de pédale et une technique chirurgicale.

Procédé selon I'une des revendications 8 a 10, dans
lequelles une ou plusieurs préférences chirurgicales
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(107) sont sélectionnées dans le groupe constitué
par : la densité de la cataracte, la profondeur de la
chambre antérieure, le volume de la chambre anté-
rieure, l'identification du patient, I'état de la maladie
et le type de lentille intraoculaire.

Procédé selon 'une des revendications 8 a 11, dans
lequelles données entempsréel (111) comprennent
une ou plusieurs données sélectionnées dans le
groupe constitué des données suivantes :

le niveau de vide réel, le niveau de vide maximal, la
puissance de phacoémulsification réelle, la puissan-
ce de phacoémulsification maximale, le débit réel,
le débit maximal, la puissance diathermique réelle,
la puissance diathermique maximale, la vitesse de
coupe par vitrectomie réelle, la vitesse de coupe par
vitrectomie maximale, la hauteur du flacon, la pres-
sion d’irrigation, la zone de la pédale, la position de
la pédale, I'état de I'occlusion, I'état de I'environne-
ment de stabilisation automatique de la chambre,
les erreurs du systéme, les avertissements du sys-
teme, le type de pompe, le mode principal actif cou-
rant, le sous-mode actif courant, le temps de pha-
coémulsification effective courant, le temps de pha-
coémulsification effective non-longitudinal, la puis-
sance moyenne de phacoémulsification pendant
une procédure, la durée d'utilisation des ultrasons
dans I'ceil, le mode d’administration de la puissance
de phacoémulsification, les paramétres de I'admi-
nistration de la puissance de phacoémulsification, le
cycle d'utilisation de la piece a main, le temps de
mise en marche de la piéce a main, le temps d’arrét
delapiece amain, le cycle d’utilisation des ultrasons,
le temps de mise en marche des ultrasons, le temps
d’arrét des ultrasons, les parameétres du vide et les
parametres du débit.

Procédé selon 'une des revendications 8 a 12, dans
lequel le module d’analyse (113) est configuré pour
analyser un ou plusieurs éléments sélectionnés
dans le groupe constitué des éléments suivants : le
nombre d’occlusions, le nombre d’événements de
'environnement de stabilisation automatique de la
chambre (CASE), le nombre de ruptures de vide par
rapport au niveau de vide non-CASE, la puissance
moyenne de phacoémulsification par rapport a une
puissance maximale programmée, le vide moyen
par rapport a un vide maximal programmé pour l'oc-
clusion, le vide moyen par rapport a un vide maximal
programmé pour I'absence d’occlusion, I'utilisation
d’'une pédale, I'utilisation de modes linéaires pour la
puissance, le vide et/ou le débit, le pourcentage de
temps passé dans divers modes et/ou sous-modes,
et I'équilibre entre le vide et l'irrigation pendant une
procédure.

Procédé selon 'une des revendications 8 a 13, dans
lequel les parameétres de programmes par défaut
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comprennent un ou plusieurs paramétres sélection-
nés dans le groupe constitué des parametres de ba-
se stockés (104) et des préférences d'utilisateur
stockées (103).

Support lisible par ordinateur comportant des ins-
tructions exécutables par ordinateur qui, lorsqu’elles
sont exécutées par un ordinateur, amenent I'ordina-
teur a exécuter un procédé selon l'une des revendi-
cations 8 a 14.

Support lisible par ordinateur selon la revendication
15, sur lequel est stockée une structure de données,
ladite structure de données fournissant :

un filtre de préférences de I'utilisateur (101),
dans lequel le filtre de préférences de ['utilisa-
teur est configuré pour utiliser une base de don-
nées de programmes par défaut (102) et des
préférences de I'utilisateur (103) pour générer
un ou plusieurs parametres de base (104) ;

un filtre de circonstances chirurgicales (105), ou
le filtre de circonstances chirurgicales (105) est
configuré pour utiliser un ou plusieurs éléments
sélectionnés dans le groupe constitué par : les
unou plusieurs parameétres de base (104) etune
ou plusieurs circonstances chirurgicales et/ou
relatives au patient (107) pour générer un ou
plusieurs parametres utilisateur (108) ;

un instrument chirurgical ophtalmique (110), ou
l'instrument chirurgical ophtalmique (110) est
configuré pour fonctionner sur la base des un
ou plusieurs parametres utilisateur (108) ;

un module de collecte de données en temps réel
(109), ou le module de collecte de données en
temps réel (109) est configuré pour surveiller
et/ou enregistrer les données en temps réel
(111) collectées au moyen de linstrument de
chirurgie ophtalmique (110) et pour stocker les
données en temps réel (111) dans une base de
données de données d’'instrumenten temps réel
(112) ; et

un module d’analyse (113), ou le module d’ana-
lyse (113) est configuré pour utiliser la base de
données de données d’'instrumenten temps réel
(112) comprenant des données d’instrument en
tempsréel (111), les unou plusieurs parameétres
de base (104) et/ou les un ou plusieurs parame-
tres utilisateur (108) pour recommander un ou
plusieurs changements pourles un ou plusieurs
parametres de base (104), les un ou plusieurs
algorithmes de circonstances chirurgicales
et/ou les un ou plusieurs paramétres utilisateur
(108).
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