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method and the apparatus associated therewith is more
SURGICAL FLUID FLOW SYSTEM

completely described in US. patent application ?led
10/12/79, Ser. No. 6/84,180.

BACKGROUND OF THE INVENTION

It cannot be stated with certainty as to which method
or combination of 'methods of removing cataracts is in

1. Field of the Invention

This invention relates, in general, to the ?eld of oph
thalmic surgical systems and in particular to a method

most widespread use today. In all probability, intracap
sular removal of cataracts, whereby both‘the lens and

and system for supplying and controlling irrigation ?uid
and suction pressure for aspiration ?ow to be supplied

the entire capsule covering the lens are removed as a
unit, is the most prevalent. However, the use of ultra

to a surgical instrument for extracapsular removal of a

sonic vibrations (with either extracapsular surgery or

cataract from an eye.

intracapsular surgery) and the intracapsular method

1

2. Description of the Prior A

using suction to remove soft cataracts and cortex are

In general, removal of a cataract from an eye in~

extensively used. And, both of these methods are most

volves either extracapsular or intracapsular techniques.

often accompanied by the use of both irrigation ?ow

Removal of the lens and its outer covering, the lens 5 and aspiration ?ow. The former ?ow generally being

capsule, is known as intracapsular removal. Extracapsu~

used to maintain the shape of the anterior chamber of
the eye during‘ the operation; while the latter ?ow is
used to remove soft cataracts (for example, in children)

lar removal of a cataract involves cutting away the

anterior portion of the lens capsule which serves to
expose the lens and then the cataract and the cortex may
be removed.

‘

'_

20

'

and cortex as well as emulsi?ed portions of hard cata

racts. With these methods, therefore, it is necessary to
have a ?rst ?uid ?ow system for purposes of irrigation
complished a number of' ways. In US. Pat. No.
and a second ?uid ?ow system for asiration. In many
3,857,387 (1974), the inventor utilizes ultrasonic vibra
systems, both the irrigation ?ow and aspiration ?ow are
tion to fragment hard cataracts and to gently wash out
combined in one overall system.
25
the fragments through a‘corneal incision in the eye,
As may well be expected, the ?uid ?ow systems uti
utilizing gravity-fed irrigation ?uid' ?ow. Thus, the
lized with cataract surgery have undergone signi?cant
irrigation ?uid ?ow serves to keep the eye in?ated and
transformations. Indeed, in early cataract surgery
to remove the fragments. The object of this art being to
The actual removal of the lens and the cortex is ac

eliminate the complexities (complex electronic and hy
draulic equipment) introduced by aspiration of the

(other than total removal of the lens and the capsule)

30 many failures were attributable to the lack of adequate

emulsi?ed lens while maintaining high surgical success

?ow systems. It is now realized that it is imperative to

apparatus is disclosed having a pair of movable jaws to
sever material, such as ‘portions of a lens, as the jaws are 35

maintain the shape of the eye and during the operation.
Uncontrolled collapse of the shape of the eye almost
always resulted in failure. Irrigation ?ow to the eye
maintains the shape of the eye, but it must be properly

moved relative to each other. The severed material is
then contained within a passageincorporated in the

overpressure. Similarly, aspiration ?ow must be pre

movable jaws and subsequently aspirated from the eye

cisely controlled so as not to cause unwarranted evacu
ation of the ?uid within an eye and so as not to cause an

rates.

-

‘

In US. Pat. No. 3,732,858 (1973), by Anton Banko,

by suction forces. The disclosed movable jaws include a
generally tubular outer member having a rotatable inner

controlled so as to prevent both underpressure and

member which in combination de?ne cutting edges. In

operating surgeon to remove portions of the eye not
intended to be removed. Unfortunately, an operating

operation, the lens is forced against the jaw portions

surgeon’s mechanical skill is not necessarily synony

mous with his surgical skill. Fluid ?ow systems which
require a high degree of mechanical skill are under
to the atmosphere.
45 standably highly undesirable. Even the best and most
quali?ed surgeons cannot totally overcome de?ciencies
In another method, in‘ US. Pat. No. 3,589,363 (1971),
in mechanical equipment. Simpli?ed, easily controlla
Anton Banko discloses apparatus for removing a cata
ble, and reliable ?uid ?ow systems are, therefore, a
ract comprising a handpiece or instrument having an
necessity in cataract surgery.
operative tip capable of vibrating at ultrasonic frequen
An example of a relatively early prior art ?uid con
cies and having both a source of ?uid and a pump

which is then severed by the shearing action of the jaws
and removed through the passageway which is vented

whereby particles of the lens are severed utilizing ultra
sonic vibrations and dispersed within the ?uid and with
drawn from the operating site‘ by the pump.
Wallach, in US. Pat. No. 4,024,866 (1977), discloses
' still another method, whereby a pulsating high velocity
liquid jet is directed at an object such as a lens, disinte

trol system is disclosed in US. Pat. No. 3,589,363

(1971), by Anton Banko. In this teaching, the problem
which still exists today, is succinctly stated to be that an
equilibrium condition must exist at the operative site

between the irrigation ?ow, the aspiration ?ow, and the

grating the same into small particles which are removed

leakage ?ow past the incisions. In a sense, this equilib
rium condition is self-adjusting. For example, for a

by sucking the ?uid entraining the particles from the

given aspiration ?ow rate, an increased irrigation ?ow

rate will result in a higher leakage rate past the incision.
In an even further method, the anterior capsule is‘cut 60 While such a condition might be said to be “balanced”,

operating site.

1 .

by an appropriate instrument thereby exposing the lens.
The nucleus of the lens, if any, is dislodged from the
lens into the anterior chamber of the eye and is subse
quently removed through an opening at the limbus. The
remaining cortex of the lens is then sucked from the eye
by a balanced combination of irrigation and aspiration
?ow through a double-barreled needle inserted into the
eye at the incision at the limbus. The above-noted

it is not desirable because of the high leakage rate past
the incision. Thus, a properly balanced equilibrium
condition is one whereby there is no overpressure or
underpressure in the eye, there is not too high or too

low of an aspiration ?ow rate, and there is not too high
a ?ow rate past the incision. In attempting to achieve

such a balanced equilibrium, the above, last-stated prior
art disclosed separate irrigation and aspiration ?ow

4,369,785
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systems. The irrigation ?ow being variably controlled
by a switch which regulates.I the pressure of the irriga
tion ?uid supply. The aspiration ?ow being controlled
by a vacuum pump and a number of solenoid valves
which in combination provide an unspeci?ed but con
stant suction force (with no ?ow at theoperating tip) or

?ow systems for use with cataract removal surgery, it is

apparent that there still exists a need for a simplistic but

an unspeci?ed but constant ‘pumping flow from the
operating tip.

1

.

In 1974, in.U.S. Pat. No. 3,812,855, Anton Banko
disclosed a relatively sophisticated system for control
ling pressurized irrigation ?uid and suction pressure for
aspiration flow for use with a single handpiece for re
moving cataracts. This system provides a great degree
of versatility and adjustability in supplying a pressur
ized ?uid (irrigation ?ow) with or without suction pres 5

sure—and, therefore, aspiration ?ow—being applied.

of cataracts which does not rely upon fragmentation or
emulsi?cation of the lens of the eye.

Another object of the present invention is to provide
a simpli?ed surgical ?uid ?ow system which requires a
minimum of mechanical ability to operate in an effec
tive manner.

aspiration ?uid ?ow system which is powered by a

?ow to the handpiece to eject unwanted material which
might clog the instrument. Since a positive pressure
pump is utilized to pressurize the irrigation ?uid, an
adjustment by a hand valve allows for a change in the
irrigation ?uid ?ow rate. Similarly, the suction pressure
for the aspiration ?ow is controllable but now by two

vacuum pump.

'

A still further object of the present invention is to
provide an irrigation-aspiration ?uid ?ow system for
use with cataract surgery which is electronically oper

ated and controllable by the operating surgeon during
the surgery.

valves. Also, a controller is used to prevent too high a
25

ever, that such a system is too complicated and requires

Another objectof the invention is to provide a surgi
cal ?uid ?ow system which is capable of operating in

separate irrigation, irrigation plus low aspiration, and
irrigation plus high aspiration modes and which modes

a high degree of mechanical ability to be properly oper
ated.

of operation are readily discernible to the operating

In U.S. Pat. Nos. 4,019,514 (1977) and 3,920,014,
Anton Banko again disclosed systems for controlling

. surgeon.

Still additional objects and advantages. of the present

the infusion of ?uid to and the evacuation of ?uid and
material from an operating ?eld such as an eye. In these

invention will become more apparent upon reference to

the following speci?cation and annexed drawings.

patents, the inventor recognizes the complexity of his
prior teaching and attempts to simplify that system
while maintaining the same operating or functioning 35

modes. Again, sophisticated and versatile systems are

effective system. Accordingly, it is an object of the
present invention to provide an irrigation-aspiration
?uid ?ow system for use with extracapsular extraction

A further'object of the invention is to provide an

The disclosed system also provides for reversing the

suction pressure. In practice, it has been found, how

4

changes in the ?exible exit ?ow lines (tubing shrinks)
and the “vacuum” forces created by the constant dis
placement pump.
Considering the-numerous attempts to provide ?uid

SUMMARY OF THE INVENTION

In accordance with the above objectives, the present

attained; but still again, there is a great degree of com

invention is directed to a surgical ?uid ?ow system

plexity.

U.S. Pat. No. 3,857,387 (1974) discloses a method of

providing irrigation and/or aspiration ?ow through a
handpiece or operating instrument for extra-capsular

removing cataracts using ultrasonic vibrations and
gravity ?ow of irrigation ?uid. Aspiration ?ow is not

removal of a cataracted lens and the remaining cortex of

'

an eye. Agravity-fed irrigation ?ow subsystem is pro
used. The inventor, in this teaching, relies on a ?ow past
vided which includes a bottle containing appropriate
the incision—described as gentle lavage ?ow—to expel
irrigation ?uid attached to an intravenous type of ad
fragmented portions of the lens from the eye. Thus, he
justable stand and an electrically operated valve to
achieves a very simple system which involves only 45 control the ?ow therefrom. In conjunction therewith,
irrigation ?ow which is controlled by a hand-operated
an aspiration ?uid ?ow subsystem is provided, which
valve. While the simplicity of this system is intriguing,
subsystem is preset for high and low aspiration ?ow
it is limited to cataract removal using ultrasonic vibra
rates. A vacuum pump is employed with the aspiration
tions and no aspiration ?ow. It would, therefore, not be
subsystem
to generate the aspiration ?ow from the eye
applicable to the instant method of cataract removal
whereby the remaining portions or cortex of a hard
which does utilize aspiration ?ow to remove the‘ re

maining cortex of hard cataracts.

Anton Banko, in U.S. Pat. No. 4,007,742 (1977) again
addresses the problem of simplicity of operation and
control in providing an irrigation and aspiration ?ow
system. In this teaching, Banko employs gravitational
forces to provide irrigation ?ow to the eye. The rate of

?ow being regulated by adjusting the height of a bottle

cataract are removed from an eye. In addition to the

novel ?uid ?ow subsystems provided herein, a novel
electronic circuit is presented which serves to control
55 the mode of operation and to provide a visual display so
that the mode of operation is readily apparent to an

operating surgeon. A foot switch, operable by the sur
geon, is included within the control circuitry so as to

achieve any desired mode of operation or a change in
containing the infusion ?uid relative to the height of the
operation ?eld. In this system, a constant displacement 60 the mode of operation quickly, conveniently, and easily.
pump of the peristaltic ‘type is used to aspirate frag
BRIEF DESCRIPTION OF THE DRAWINGS
mented portions of the lens. Fragmentation being ac
For
a more complete understanding of the invention,
complished by the rotating action of a twist drill within
reference is had to the following description taken in
a cylindrical housing an opening at the operative end
and through which the twist drill extends. Variations in 65 conjunction'with the accompanying drawings in which:
FIG. 1 is a plan view taken partially in cross section
the ?ow resistance through the operative instrument
of an eye and a typical instrument for use with the ?uid
due to the continuously changing effective viscosity of
?ow system of the present invention;
the ef?uent ?ow is accommodated by volumetric

5
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FIG. 2 is a pneumatic line diagram illustrating the

various components of the irrigation-aspiration ?uid
?ow system and their operation; and
FIG. 3 is a schematic diagram of the irrigation-aspira
tion ?uid ?ow system with particular emphasis on the
electronic control function of the system.
DESCRIPTION OF THE PREFERRED
EMBODIMENTS
Referring now to the drawings, the system is de

scribed with respect to performing extracapsular, surgi

6

the proper “feel” to allow the surgeon to apply his
skills.
The pro?ciency of the team assisting the surgeon is
still another factor. An additional factor is the adequacy
of the facilities within which the operation is con
ducted. Notwithstanding that the listing of such factors
has not been exhausted, still a further factor is the ?uid

?ow system, including the control thereof, which is
coupled to an operating instrument such as that above

designated by numeral 10.
A proper ?uid ?ow system is one which generates a

cal removal of a cataract from an eye of either a person
or an animal. However, it is to be noted that the below

balance between the in?uent or irrigation ?ow and the

described system is not intended to be limited to the

needed to remove the material such as the cortex from
the eye. While such a statement appears to be a reitera

described operation. The system can be utilized in any

type of operation utilizing irrigation ?ow in conjunc
tion with aspiration ?ow removal or emulsi?ed mate

rial, fragmented material, soft tissue or other objects,
such as tumors.

FIG. 1 illustrates one type of surgical instrument or
handpiece 10 which can be used with the fluid ?ow
system of the instant invention. Handpiece 10 has a ?rst
line 11 for irrigation or in?uent liquid ?ow to the object
of the surgery which in this case is eye 12. A second line

leakage ?ow past the incision plus the aspiration ?ow

tion of ‘the simple principle that input equals output, it is,
in fact, more than it appears. For example, when a rela

tively solid portion of the lens is being aspirated, it will
tend to clog the aspiration port of tip 22. At this point in
time, the irrigation ?ow is continuing, and, therefore, to
maintain ?ow balance, the leakage ?ow past the incision
must increase. This increased ?ow could not only cause
damage to a sensitive portion of the eye, but could as

well cause damage by overpressurizing the anterior
13 is used for aspiration or ?ow removal of the item 25
chamber 18. This potential problem must, therefore, be
intended to be removed from the eye 12. For purposes
anticipated and overcome by the ?uid flow system.
of this description, it is‘ to be assumed that the operating
Similarly, a properly balanced system will not aspi
surgeon has already made a small incision 14 in the
rate or remove ?uid at a rate which is so high that the
limbus 15 and by using a cystotome, or bent disposable
irrigation ?ow rate cannot maintain the shape of the
needle, has opened the anterior capsule 16 of the eye 12
eye.
exposing the lens 17. It is to be further assumed, in the
As shown in FIG. 2, irrigation ?ow is provided by a
case of a cataract having a hardened nucleus, that said
nucleus has been prolapsed into the anterior chamber 18
and removed from the eye 12 through the incision 14
which has been suf?ciently enlarged so that the nucleus
can ?t therethrough. The incision 14 was then reduced

in size in preparation for aspirating the remaining por
tion of the lens 17 commonly known as the cortex. The
double-barreled needle 19 was then inserted through
incision 14 and positioned as shown within the lens
proper of the eye 12. The in?uent or irrigation ?ow into

the eye through line 11 exits handpiece 10 from portion
20 of needle 19. Irrigation ?ow is necessary to maintain

the shape of the anterior chamber 18 throughout the

reservoir 30, containing an appropriate saline solution,

which is suspended from arm 31. The height of arm 31
is adjustable on stand 32. Line 33 connects reservoir 30

to handpiece 10. The rate of ?ow of irrigation ?uid is
controlled by adjusting the height of arm 31 on stand
32. It will, therefore, be appreciated that the ?ow rate of

an appropriate irrigation ?uid is controlled by gravity.
In practice, this relatively simple approach has been
shown to be most effective. A high irrigation ?ow rate
is not required, and as previously stated, could cause

damage by overpressurizing the eye. In the system pro
vided herein, there is no preset height position of reser

operation. Should the eye 12 or the anterior chamber 18 45 voir 30. The operating surgeon, or a member of his
team, appropriately positions reservoir 30 to achieve a

collapse, there is the very real probability that the oper
ation will be a failure. The remaining cortex is aspirated
from the eye 12 through portion 21 of needle 19. The
operative tip 22 of needle 19 has been developed over

desired ?ow rate prior to inserting tip 22 into the eye 11.

By observing the shape of the eye 11 and the leakage
?ow past the incision 14 during the operation, the sur

the years so as to preclude inadvertent aspiration of

geon makes any necessary height adjustment. Irrigation

portions of an eye which are not intended to be re

?ow, to the extent that it is turned on or off, is further

moved.
From the above, it becomes readily apparent that a

controlled through the use of pinch valve 34. Pinch
valve 34 is electronically activated by a foot switch

successful operation is directly dependent upon a num
ber of factors. One factor, of course, is the skill and
knowledge of the operating surgeon. While an ex
tremely skillful surgeon can successfully perform an

controlled by the operating surgeon and functions by

operation using the most primitive but adequate equip

tion channel of handpiece 10 to vacuum bottle 36. For
convenience, vacuum bottle 36 contains a disposable

ment, it is obviously bene?cial to surgeons whose skill
might be considered “normal” to be able to relay on

simply pinching line 33 between a pair of jaws, one of
which is movable.
Still referring to FIG. 2, line 35 connects the aspira

equipment which is signi?cantly superior to that classi

liner 37 for collecting the ef?uent aspiration ?ow. Thus,
liner 37 of bottle 36 is disposed of following an opera

fled as merely adequate. Given then, that some surgeons
have normal skill, another factor is a proper operating

tion. Line 38 connects the interior of liner 37 to vacuum
pump 40, while line 39 connects the exterior of liner 37

instrument or handpiece such as that described above.

to vacuum pump 40. The vacuum on the external sur

A proper handpiece is one which among other things is,

face of liner 37 serves to prevent the 'liner from collaps

sterile, easily manipulated, gives the surgeon adequate

ing during use. An appropriate vacuum gauge 41, hav
ing a range between, for example, 0 to 30 inches of
mercury, is connected to line 38. Gauge 41 provides a

vision, does not fatigue the surgeon, functions as de

signed or intended, and perhaps the most important, has

7
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ready reference to the operating vacuum during the
surgery. No other gauges are required.
A pair of preset relief valves 42 and 43 are connected
in parallel to line 38. Relief valve 43 is set to achieve a
low vacuum in the range of 4 to 6 inches of mercury; 5
valve 42 is set to achieve a high vacuum in the range of

8

The portion of the control circuit designated by the
numeral 61 is a ?asher circuit which allows the lights 02'
switches 52 and 57 to ?ash so that the operating surgeon

can readily distinguish whether the aspiration system is
off or on, or if the ?ll switch is off or on mode.

The ?ow systems as provided herein will now be

described in preparation of and during an operation
10 to 14 inches of mercury. Bypass valve 45 (normally
involving extracapsular removal of a cataracted lens.
open) operates in conjunction with the preset vacuum
An operating instrument or handpiece 10 is con
relief valves 42 and 43. When valve 45 is open, low
vacuum is achieved; when valve 45 is closed (as shown), 0 nected to irrigation ?ow line 33 and aspiration ?ow line
35. The main power to the aspiration ?ow system is
high vacuum is achieved. Valve 44 (normally open)
turned on by activating switch 70. Foot switch 60 is in
serves to vent the vacuum to the atmosphere as when
the neutral or center position so that neither the irriga
the aspiration flow system is off. Both valve 42 and
tion nor the aspiration ?ow system is activated. Fill
valve 43 are electronically controlled solenoid valves.
switch 57, aspiration switch 52, aspiration low switch 55
Filter 46, which vents to the atmosphere, is connected
and aspiration high switch 56 are all off. Switch 71 is
to line 38 in the manner illustrated in the drawing so as
likewise off. Coils 72, 53, and 73 are not energized and,
to be effective whether high or low vacuum is being
therefore, switches 74, 54 and 75, respectively, are off
utilized. It is preferred that vacuum lines 38 and 39 and
or open. In this manner, pinch valve 34 is closed so that
all the connections therewith, the various components
there is no irrigation ?ow from reservoir 30 to hand
in the aspiration ?ow system of FIG. 2, be permanently
piece 10. Valve 44 is open, venting vacuum ?ow lines
bonded and made of rigid tubing so as to prevent either
38 and 39 to the atmosphere through ?lter 46. Valve 45
leakage or kinking and collapsing during use. Line 35
being
normally open, is also open, but is not in service
may be fabricated from nonrigid plastic tubing, such as
due to valve 44 being open. The vacuum pump 40 is on.
Tygon, which has a suf?ciently thick wall to prevent
A nurse or a technician inserts tip 19 of handpiece 10
kinking. Bottle 36 is of suf?ciently large volume, such as
into
a suitable container (not shown) and activates
1600 cc, so that any temporary clogging of handpiece
switches 71 and 52. Activation of switch 71 causes
10 during aspiration is accommodated by bottle 36. The
pinch valve 34 to open. Irrigation ?uid then ?ows from
large volume of bottle 36 thereby prevents high vacuum
reservoir 30 through line 33 to handpiece l0 and out of
pressures during aspiration even when channel 21 of
port 20 of needle 19. Irrigation ?ow then ?lls the con

needle 19 is temporarily clogged by a relatively large
piece of cortex. In this manner, bottle 36 acts as a vac

uum damper to prevent abrupt differential vacuum

pressures from adversely affecting the surgery.
The electronic control circuitry for the irrigation
aspiration ?ow system is shown in FIG. 3. FIG. 2 and
FIG. 3 are to be taken together in the following descrip
tion.

Either 110 VAC or 220 VAC is input to the control
circuitry and converted to 12 VDC, nominal by an
appropriate transformer 50 in conjunction with a recti

?er. A pilot light 51 is provided so that it may be readily
ascertained that electric power is being supplied.
Switch 52 turns the aspiration system on and off. In the

tainer (not shown) within which the nurse or technician
has inserted tip 19. The irrigation ?ow system has now

been completely purged of air.
Since ?ll valve 52 was also activated when switch 71

was activated, current is supplied through switch 52

thereby energizing coil 53. Switch 54 is thereby closed,
which then closes valve 44. The aspiration flow system
is no longer vented to the atmosphere, and since only
the vacuum pressure relief valve 42 is in service, (valve

45 is still closed) high aspiration ?ow results. The irriga
tion ?uid ?lling the container (not shown) held by the
nurse or technician and within which the needle 19 of

handpiece 10 is inserted, is then sucked up through line
13 of handpiece 10, through line 35 and ?ows into bottle

position shown, switch 52 is off and no voltage is being 45 36. In this manner, the aspiration ?ow lines are com
supplied to coil 53 which in turn maintains switch 54 in
pletely purged of air prior to the operation. Once purg
an open position. When switch 54 is open, no current

?ows through the coil of solenoid valve 44 which main
tains its normally open position and vents the vacuum
flow lines 38 and 39 to the atmosphere.
When switch 52 is moved to the on position, valve 44
is caused to close which brings into service either the

ing is complete, the nurse or technician shuts off ?ll

valve 52 and switch 71. Pinch valve 34 is thereby closd,
maintaining the ?uid within the irrigation ?ow lines.
Flasher network 61 and the various pilot lights are
included to allow the surgeon or members of his operat

ing team to visually and instantly ascertain the mode of

high 42 or the low 43 vacuum relief valves. Switch 55
operation of the ?uid system at any given time. When
allows for a low level of aspiration; switch 56 allows for
foot switch 60 is positioned left of center or if ?ll switch
high level of aspiration. Before either a low or a high 55 57 is activated, pilot light 80 is on indicating pinch valve

level of aspiration ?ow is effectuated, switch 52 must, of

34 is open and irrigation ?uid is ?owing. When ?ll
switch 57 is activated, pilot light 81 is ?ashing. When
Foot switch 60 provides for: irrigate off; only irrigate
aspiration on-off switch 57 is off and foot switch 60 is
on; irrigate and aspirate (either high or low) on modes
positioned right of center, then irrigation ?ow is
of operation.
60 achieved but aspiration ?ow is off and pilot light 82
Fill switch 57 bypasses foot switch 60 in allowing the
?ashes. Flasher network 61, therefore, activates either
aspiration ?ow system and the irrigation ?ow system to
pilot light 81 or pilot light 82. '
be activated independently of foot switch 60. Fill
When the nurse or technician activates ?ll switch 57
switch 57 allows a nurse or technician to ?ll both aspira
and aspiration on-off switch 52 to purge the irrigation
tion ?ow line 35 and irrigation ?ow line 33 prior to 65 and the aspiration ?ow systems, as previously stated,
course, be activated to an on position.

actual use during an operation so that activation of foot

switch 60 by an operating surgeon immediately results
in the desired mode of operation of the ?uid systems.

irrigation ?ow and high aspiration flow results; also,
pilot light 81 ?ashes. Once purging is complete, the
nurse shuts off ?ll switch 57 (pilot light 81 stops ?ash

4,369,785
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ing) and should not shut off switch 52. If the nurse

3. The system of claim 2, wherein said means for

inadvertently shuts off switch 52, the operating surgeon
will get irrigation. ?ow but not aspiration ?owtwhen he
positions foot switch 60 right‘of center-toithe irrigation

absorbing suction pressure ?uxuations comprises the
volumetric capacity of saidbottle and said liner.
4. The system of claim 3, wherein saidbottle and said

plus aspiration ?ow position. At this point, pilot light 82

liner have a volumetric capacity ofapproximately 1600

begins flashing to alert the surgeon of this unwanted
situation and corrective measures may be taken. If
switch'52 is correctly left on after purging is complete,
pilot light 82 will not flash when the surgeon activates
foot switch 60. -

cc.

ophthalmic instrument havi'ng‘an in?uent?ow channel
and an ef?uent flow channel comprising:
an in?uent ?ow’subsys'tem including a ?uid reservoir,

'

Pilot lights 83 and 84 are on or off lights; hence, they
are not included ‘within the ?asher network 61. They
indicate whether low or high aspiration ?ow respec
tively is selected. It is to be noted that activation of

switch 56 merely results in lighting of pilot light 84. In
and of itself, switch 56 does not achieve high aspiration

' means for adjusting the differential pressure be
tween said ?uid reservoir and said in?uent flow

channel, and means for controlling the ?ow of ?uid
from said ?uid ?ow reservoir to said in?uent ?ow
15

?ow rates. Low or high aspiration '?ow is achieved
during the operation by activation or deactivation of
switch 55 in conjunction with foot switch 60.
20
Notwithstanding that the embodiments of the inven
tion described above in detail in conjunction with the
accompanying drawings are primarily intended for use
with extracapsular surgical removal of cataracts from
an eye of a human or an animal, it is to be understood

that the invention is not to be limited to the described

embodiments, and that various changes and modi?ca
tions may be made without departing from the scope or
spirit of the invention,.and which modifications and
changes are intended to form a part of the described and
claimed invention.
We claim:

I

.

5. A ?uidv ?ow system adapted to be used with an

-

1. A ?uid ?ow system adapted to be used with an

ophthalmic instrument having an in?uent ?ow channel
and an effluent ?ow channel comprising:
an influent ?ow subsystem including a ?uid reservoir,
means for adjusting the differential pressure be
tween said fluid reservoir and said in?uent ?ow
channel, and means for controlling the ?ow of ?uid
from said fluid reservoir to said in?uent ?ow chan 40.

nel;
an ef?uent ?ow subsystem including means for apply
ing a vacuum at said effluent ?ow channel, means
for controlling the vacuum pressure at said effluent

channel; and

‘

,

~

an ef?uent flow subsystem including means for apply
ing a vacuum within said ef?uent ?ow channel, and
means for achieving at least two different suction
pressures within said ef?uent ?ow channel com
prising a first pressure relief valve set to achieve a
high vacuum pressure, and a second pressure relief
valve set to achieve a low vacuum pressure, said

?rst and second relief valves being vented to the

atmosphere and ?ow connected in parallel with
each other, with one of said relief valves having a

shutoff valve in series connection therewith such
that one or the other said relief valves is in opera

tion at a given time, and a bypass valve for bypass
ing said first and second relief valves and venting
said ef?uent flow subsystem to the atmosphere; and
container means for collecting the ef?uent ?ow from
said ef?uent ?ow channel; and
said ?uid ?ow system further comprising means for
selecting a first mode of operation comprising in
?uent ?ow to said instrument, and a second mode

of operation comprising influent ?ow to and ef?u
ent ?ow from said instrument; and,
means for purging air from between said ?uid reser
voir and said in?uent ?ow channel and for purging
air from between said ef?uent ?ow channel and

said ef?uent ?ow container means prior to using
said instrument during surgery.
6. The system of claim 5, wherein said bypass valve is
arranged in parallel with said parallel connected pres

?ow channel, and container means for collecting 45 sure relief valves.
7. A ?uid ?ow system adapted to be used with an
the effluent ?ow from said effluent ?ow channel,
ophthalmic
instrument having an in?uent flow channel
comprising a bottle having a cap thereon and a
and an ef?uent ?ow channel comprising:
liner inserted therein, said liner being sealingly
an in?uent flow subsystem including a ?uid reservoir,
connected between said bottle and said cap, the
means for adjusting the differential pressure be
interior of said liner and container being ?ow con 50
tween
said ?uid reservoir and said in?uent ?ow
nected to said effluent flow channel of said instru
channel, and means for controlling the ?ow of ?uid
ment, and whereby the interior and exterior of said
from said ?uid reservoir to said in?uent ?ow chan
liner are ?ow connected to said vacuum means,
nel; and
said fluid ?ow system further comprising means for
an ef?uent ?ow subsystem including means for apply
selecting a first mode of operation comprising in
?uent ?ow to said instrument, or a second mode of

operation comprising in?uent ?ow to and effluent
?ow from said instrument, and means for purging
air from between said ?uid reservoir and said in?u
ent ?ow channel and for purging air from between
said ef?uent ?ow channel and said ef?uent ?ow
container means prior to using said instrument dur

ing surgery.
2. The system of claim 1, wherein said bottle and liner 65
include means for absorbing ?uxuations in suction pres
sure caused by a temporary clogging of said ef?uent
?ow channel of said instrument.

ing a vacuum within said ?uid ?ow channel, means

for controlling the vacuum pressure within said
ef?uent ?ow channel including an ef?uent high or
ef?uent low switch and means for achieving at
least two different suction pressures within said
ef?uent ?ow channel comprising a first pressure
relief valve set to achieve a high vacuum pressure,
and a second pressure relief valve set to achieve a

low vacuum pressure, said ?rst and second relief

valves being vented to the atmosphere and flow
connected in parallel with each other, with one of
said relief valves having a shutoff valve in series
connection therewith such that one or the other of
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8: The system of claim 7, including ef?uent on-off
switch means for activating said ef?uent ?ow subsys
tem, and for overriding said mode selecting switch.
9. The system‘of claim 8, wherein said separate air

said relief valves is in operation at a given time, and
a bypass valve for bypassing said ?rst and second
relief valves and venting said effluent ?ow subsys
tern to the atmosphere, and container means for

purging means comprises an electronic ?ll switch elec
trically connected to override said mode selecting
switch and upon activation causes said in?uent ?ow
subsystem to operate and said ef?uent high subsystem

collecting the ef?uent ?ow from said effluent ?ow

channel; and
said ?uid ?ow system further comprising means‘for
selecting a ?rst mode of operation comprisingin

to operate.

?uent ?ow to said instrument and a second mode’ of

10. The system of claim 9, including ?asher means,
and pilot lights connected to each of said ef?uent on-off
switch, said ?ll switch, said in?uent subsystem ?ow
control means, said ef?uent high switch and said ef?u
ent low switch, said ?asher means for ?ashing of said ?ll
switch pilot light when said ?ll switch is activated and

operation comprising in?uent ?ow to and ef?uent
?ow from said instrument, said ef?uent high or low

switch being electronically connected to said mode

operating switch; and,
means for purging air from between said ?uid reser

for ?ashing said ef?uent on-off pilot light when said

voir and said in?uent ?ow channel and for purging
air frombetween said ef?uent ?ow channel and
said ef?uent container means prior to using said
instrument.

on-off switch is off and said mode selecting switch is set
for in?uent and ef?uent ?ow.
*
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