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reservoir to an ocular surgical infusion instrument for infusion into 

a selected anterior or posterior ocular chamber as an Infusate;

(d) selectively varying the pressure of the liquid infusate 
within the selected anterior or posterior ocular chamber by 

controlling the pressure of the gas from the source of continuous 
pressurized gas;

thereby permitting accurate and rapid control of infusion 

pressure during intraocular surgery and avoiding the deleterious 

consequences of underpressurization or overpressurization and 
jetstreaming during such surgery.



I TREATY (PCT)

I

OPI Date 03/09/91 

AOJP Date 10/10/91
INTERN/

Appln· ID 51513 / 90 

PCT Number PCT/US90/00800

(51) International Patent Classification $

A61M1/00, 3/00, 37/00 
A61B 17/32

(11) International Publication Number: WO 91/12034

(43) International Publication Date: 22 August 1991 (22.08.91)

(21) International Application Number: PCT/US90/00800

(22) International Filing Date: 12 February 1990 (12.02.90)

(71) Applicant: VITREORETINAL DEVELOPMENT, INC.
[US/US]; 700 18th Street South, Suite 605, Birmingham, 
AL 35233 (US).

(72) Inventors: MORRIS, Robert, E. ; 3204 Argyle Road, Bir
mingham, AL 35213 (US). WITHERSPOON, Clark, 
Douglas ; 3405 Brookwood Trace, Birmingham, AL 
35213 (US). GOGGANS, William, E., Jr. ; 5351 Heath- 
erwood Drive, Pinson, AL 35126 (US).

(74)Agents: BLOOMBERG, Coe, A. et al.; 611 West Sixth 
Street, 34th Floor, Los Angeles, CA 90017 (US).

(81) Designated States: AT (European patent), AU, BE (Euro
pean patent), CH (European patent), DE (European pa
tent)*, DK (European patent), ES (European patent), 
FR (European patent), GB (European patent), IT (Euro
pean patent), JP, LU (European patent), NL (European 
patent), SE (European patent).

Published
Hi'i/i international search report. 
With amended claims.

643676

(54)Title: METHOD AND APPARATUS FOR OCULAR PERFUSION

(57) Abstract

Ocular perfusion during intraocular surgery of the anterior or posterior ocular cavity is optimized through the method of 
using an air gas pump (13) having a discernible and controllable output pressure (18) to pressurize a reservoir of liquid infusate, 
which is supplied under pressure to a surgical infusion instrument (29) for perfusion of the selected ocular chamber (Gas Forced 
Liquid Infusion, GFLI). The infusate selection and the infusate pressure can be controlled with a high degree of accuracy and 
both can be rapidly varied by audible command (37). Preferentially a human sensible indication of pressure is constantly avail
able at the gas puinp (13). - ,

* See back of page



1

DESCRIPTION

Method and Apparatus for Ocular Perfusion

Field of the Invention
The present invention relates generally to apparatus 

5 and methods used in surgery conducted on the eye. More 
particularly, the present invention relates to apparatus 
used in continuous infusion processes associated with such 
surgery. In even greater particularity, the present 
invention relates to apparatus for accurately and rapidly

10 controlling the infusion pressure to the eye and rap idly,- 
converting between liquid and gas infusion during such 
surgery.

• «
* Background of the Invention

... Intraoperative control of intraocular infusion
15 pressure is an important parameter in eye surgery. Liquid 

’ , , · pressure regulation has been accomplished in most part 
using gravity-fed systems involving the relative height of 
the infusion bottle above the eye. A discussion of the*• / development of gas infusion may be found in "Vitreous

20 Microsurgery" by Steven Charles, M.D. in Williams &
Wilkins, 1981, volume 4. As noted therein, there are
known power injectors or pumps which are capable of

ee* maintaining an accurate intraocular pressure during air
infusion, as compared to manual syringe injection. Such

,...25 devices have also been developed wherein a microcompressor ·“ : : / 'i ,·* is used to produde an inflow of gas dependent upon in
traocular pressure.

• ·
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As these advances are made in gas infusion apparatus, 
a heed exists for controlled intraocular infusion method 
and apparatus which would facilitate the interchangeabil
ity of gas infusion and liquid infusion during surgery on

5 the posterior segment of the eye (vitrectomy). Addition
ally, during surgery on the anterior chamber of the eye 
(cataract extraction) the need exists for more accurate, 
surgeon controlled and monitored liquid infusion.

During cataract surgery, the most common operation
10 performed in the United States, the surgeon views only the 

anterior chamber of the eye as shown in FIG. 5, having no 
method of simultaneously monitoring the posterior secjment.

Since the anterior chamber it* quite small, containing 
only 0.25cc of liquid volume, small and momentary aspira-

15 tion flow rates exceeding infusion rates will result in 
anterior chamber collapse, as shown in FIG. 5. The conse- 
guence of anterior chamber collapse is damage to the non
reproducible monolayer of cells (endothelium) which lines 
the inner surface of the cornea, keeping it clear of

20 fluid. This endothelial damage can then result in cloud
ing of the cornea, with the need for subsequent cornea 
transplantation.

It is common for cataract surgeons to perform incom
plete temporary closure of the surgical incision prior to

25 itrigation/aspiration cataract cortex removal. A true 
‘'closed-eye’· system is never achieved, and anterior 
chamber collapse in this condition is a sign of wound 
leakage of infusion liquids rather than of inadequate 
infusion pressure. If anterior chamber collapse is

30 encountered, the wound should be checked for tightness.
The cataract surgeon's most common defense against

perceived anterior collapse is increasing of infusion 
pressure by raising a gravity-feed infusion bottle an 
estimated height above the eye as shown i n FIG. 4. Note

35 that gas is not commonly infused into the anterior chamber, .
' ' ' . . ''' ' f'

in such surgery. In practice, bottle height is not ' 
measured, so that actual pressure delivered to the eye is,.
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unknown, and is presumed to be sufficient when anterior 
chamber collapse no longer occurs.

Unfortunately, corneal endothelial damage may also 
occur as a result of high infusate volume or jetstream

5 mechanical damage from the use of high flow rates under 
high pressure. These effects, moreover, are not readily 
apparent to the surgeon due to his inability to perceive 
the flow rate or pressure. Retinal artery occlusion may 
also occur, invisible to the surgeon and resulting in

10 blindness. Finally, iris prolapse through the wound may 
occur as a result of excessive infusion pressure.

Ideally, cataract irrigation/aspiration surgery 
should be performed with normal ocular pressure (25mm Hg). 
Failing this, infusion pressure should be raised as little

15 as possible to maintain anterior chamber pressure to avoid 
collapse during active irrigation/aspiration. Because
unnecessarily high infusion pressure and flow rates can 
injure retinal and corneal tissues with little warning to 
the surgeon, increasing infusion to the eye should be the

20 last solution attempted to remedy anterior chamber col
lapse. As previously stated, the surgeon should first 
check adequate wound closure. Further, even with an 
adequately closed eye, anterior chamber collapse may occur 
as a result of undisciplined, continuous, high rate aspir-

25 ations. High vacuum aspiration is necessary to achieve 
cataract removal, but successful removal of blocks of 
cataract cortex material (with subsequent opening of the 
aspiration port) should be anticipated so as to intermit
tently reduce the aspiration vacuum, avoiding anterior

30 chamber collapse. All too commonly surgeons move about 
within the eye with an open aspiration port, with suction 
continuously engaged.

The above discussion demonstrates the importance of
a new method of rapid, accurate, surgeon-controlled ocular

35 infusion (Gas Forced Liquid Infusion, GFLI).

v
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Summary of the Invention

The primary object of the invention is to provide the surgeon 
with a method and apparatus to rapidly and precisely control and 

monitor his infusion pressure.

5 Accordingly, the invention provides an apparatus for controlling

intraocular pressure during closed wound intraocular surgery, using a 

source of continuous pressurized gas controllable to vary gas 
pressure, a liquid infusate reservoir having a limited volume for 

maintaining liquid infusate in the reservoir under pressure with a

10 volume of gas, and an ocular surgical infusion instrument, the 
apparatus comprising:

(a) a first conduit for conveying pressurized gas from the 

source of continuous pressurized gas to the liquid infusate reservoir, 
wherein the first conduit extends into the volume of gas contained

15 within the reservoir so that the volume of gas contained within the 
reservoir is in direct communication with the source of continuous 
pressurized gas, such that the pressure within the liquid infusate 

reservoir is substantially the same as the pressure produced by the 

source of continuous pressurized gas;
20 (b) a second conduit for conveying only liquid infusate from

the reservoir to the ocular surgical infusion instrument; and

(c) a valving means in communication with the second conduit 
for controlling the flow of liquid infusate from the liquid infusate 
reservoir to the ocular surgical infusion instrument;

25 thereby permitting accurate and rapid control of infusion
pressure during intraocular surgery and avoiding the deleterious 
consequences of underpressurization or overpressurization and 

jetstreaming during such surgery.

STA/0952E
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5
Brief Description of the Drawings

Apparatus embodying features of our invention are
depicted in the appended drawings which form a portion of 
this invention and wherein:

5 FIG. 1 is a perspective view showing the apparatus as
used during surgery;

FIG. 2 is a broken lay-out view showing the invention 
not in use;

FIG. 3 is a broken lay-out view showing the cataract
10 surgery embodiment;

FIG. 4 shows the prior art and ocular structures; and 
FIG. 5 shows an instance of ocular collapse.

Description of a Preferred Embodiment
FIG. 4 illustrates the common control methodology and

15 apparatus for liquid infusion of the eye as heretofore 
used in cataract and in vitreous surgery. FIG. 5 is 
illustrative of common ocular collapse when using the 
method and apparatus shown in FIG. 4.

Referring to the figures for a better understanding
20 of the invention, it may be seen that the invention is for 

use with a patient who is lying beneath surgical drapes 11 
on an operating table 12. A continuous infusion air/gas 
pump 13 is located on an equipment stand 14 as is conven
tional practice. The output of the air/gas pump 13 is

25 displayed as by LED’s at a panel 16 so that the pressure 
generated thereby may be monitored by the surgery team and 
precisely controlled.

The output of the air/gas pump 13 is used to pres
surize a liquid infusion bottle 23 to provide Gas Forced

30 Liquid Infusion (GFLI) of the eye. Use of Gas Forced 
Liquid Infusion (with digital numeric readout of infusion 
pressure in view of the surgeon) allows the surgeon for 
the first time to accurately and continuously monitor this 
most" important parameter. In this method, the infusion

35 bottle is hung at eye height, so that gravity feed, the 
preferred technique of the prior art, contributes no



WO 91/12034 PCT/US90/00800

ί5·

6

pressure to perfusion/infusion. Rather, total control of 
perfusion pressure is instead achieved by instilling in 
the infusate bottle, gas under pressure, provided by the 
gas pump. The infusion pressure can thereby be meticu-

5 lously and rapidly selected by the surgeon.
An antibacterial filter connector 17 attaches a flex

ible conduit to the pump 13 in any conventional manner as 
is well known in the art. The conduit 18 extends from the 
equipment stand 14 to near an IV support 19 and terminates

10 in a T-connector 21 or other suitable device for directing 
the airflow from the pump 13 along two paths. A fluid 
pressurization conduit 22 is connected between the T- 
connector 21 and a combined infusion bottle with drip 
chamber 23 supported by the IV support 19 and serves to

15 pressurize the fluid therein in accordance with the output 
pressure of the pump 13. This fluid pressurization con
duit extends within the infusion bottle so as to connect 
the gas volume above liquid with the gas pump for venting 
purposes. A fluid delivery conduit 24 is connected as the

20 output of infusion bottle 23 and terminates as one input 
to infusate stopcock selection valve 26. An air delivery 
conduit 27 is connected between the remaining branch of 
the T-connector 21 and the valve 26. Note that valve 26 
may be a three-way input valve which would allow selection

25 of either liquid, air, or finally an air/gas mixture (e.g. 
sulfur hexafluoride SF6 20%, perfluoropropane CjFg 15%) 
delivered by a second gas pump. The valve 26 has a 
single output to an infusion conduit 28 which is connected 
to and supplies an eye infusion cannula 29.

30 As shown in FIG. 1, the infusion bottle 23 is placed
at the patient’s eye level so as to contribute no gravity 
infusion pressure as had been customary in the prior art. 
Air/gas is pumped into the bottle 23 via conduits 18 and 
22 to provide the desired infusion pressure. Although' a

35 normal starting pressure may be selected, it should be 
clear that the infusion pressure can be rapidly changed by 
adjusting the output pressure of the air pump 13. The air
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pump selected should have a digital display 16 of the 
pressure which should be visible to all operating room 
personnel. It has been determined that the displayed, 
conduit, and intraocular static pressures agree to within

5 two to four mm of Hg using the present apparatus.
Valve 26 allows the surgical team to quickly switch

from liquid infusion togas infusion. Conduits 24 and 27 
may be formed from the two halves of a twin plastic tube, 
for example Dicoc Twin Bore Silicone IV tubing, such that

10 the valve 26 may be located immediately proximal to the 
short cannula 29, thereby minimizing the time and volume 
required to clear infusion liquid from the system cannula 
29 when gas is desired.

From the foregoing, it may be seen that we have
15 provided an effective apparatus and method (Gas Forced 

Liquid Infusion, GFLI) which greatly improves the sur
geon's efficiency in vitrectomy operations in which liquid 
to gas infusion changes are desired and also provides a 
readily controllable means for varying the infusion pres-

20 sure during all liquid infusion eye surgery including 
cataract removal. As is well known, it is possible to 
stop or reduce bleeding by raising the intraocular pres
sure to maximum known safe levels, usually 35 to 45 mm of 
Hg. Using the present invention with a digital display 16

25 allows the surgical team to quickly determine the infusion 
pressure levels and rapidly change the level as required, 
to maximum safe level with great accuracy.

It is the aspect of the invention that allows the 
surgical team to continuously monitor and precisely con-

30 trol the infusion pressure which is of critical importance 
to the cataract surgeon. The tubirig system shown in FIG. 
3 uses an antibacterial filter connector 31 to attach a 
flexible tubing 32 to the air pump 13. The flexible tub
ing 32 is connected directly to the infusion bottle 23

35 which is supplied with infusion liquid as shown in FIG. 2. 
A single flexible conduit 33 is provided to carry pressur
ized infusion liquid from the bottle to a valve 34 which
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controls the flow of liquid to the infusion/aspiration 
device 36 used in cataract surgery. With the digital 
readout 16 available, the surgeon is able to constantly 
monitor the pressure being utilized in the eye and there-

5 fore is at all times aware of and alert to the potential 
deleterious consequences of overpressurization and jet
streaming. Thus, due to his ability to monitor and 
accurately select the intraocular pressure, the surgeon 
will naturally turn more attention to adequate wound

10 closure and disciplined aspiration rather than using a 
potentially destructive infusion pressure level to prevent 
ocular collapse.

The use of the gas pump 13 to pressurize the infusion 
bottle 23 in either of the embodiments above also leads to

15 a significant further refinement in the art. Voice recog
nition technology can be used to regulate the output pres
sure of the gas pump 3. Thus, an input microphone 37 is 
connected to a voice recognition circuit, many of which 
are commercially available, which in turn outputs a con-

20 trol signal to the pump 13. Preferentially the pump will 
be provided With a speaker 38 which will enunciate the 
pressure, subsequent to an instruction to change pressure 
or upon a query by the surgeon; or upon a variance of the 
pressure outside a predetermined tolerance. The surgeon's

25 voice may be specifically recognized so that he might 
state the desired pressure in an audible voice, and the 
machine would respond immediately that it will seek the 
commanded pressure after a preset safety delay, in the 
absence of further commands. Infusate selector valve 26

30 may also be voice actuated. For the first time, perfusion 
pressure to the eye and ihfusate source can be controlled 
directly by the surgeon rather than necessitating the 
presence of other operating room personnel. Immediate 
pressure adjustment with voice response completes surgeon

35 control of infusion pressure - the most vital parameter 
characterizing "closed-eye" surgery.
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While we have shown our invention in two forms, it 

will be obvious to those skilled in the art that it is not 
so limited but is susceptible of various changes and modi
fications without departing from the spirit thereof.
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The claims defining the invention are as follows:

K. An apparatus for controlling intraocular pressure during
closed wound intraocular surgery, using a source 'of continuous 

pressurized gas controllable to vary gas pressure, a liquid infusate
5 reservoir having a limited volume for maintaining liquid infusate in 

the reservoir under pressure with a volume of gas, and an ocular 

surgical infusion instrument, the apparatus comprising:

(a) a first conduit for conveying pressurized gas from the 
source of continuous pressurized gas to the liquid infusate reservoir,

10 wherein the first conduit extends into the volume of gas contained 

within the reservoir so that the volume of gas contained within the 

rese/Voir is in direct communication with the source of continuous 

pressurized gas, such that the pressure within the liquid infusate 

reservoir is substantially the same as the pressure produced by the
15 source of continuous pressurized gas;

(b) a second conduit for conveying only liquid infusate from 

the reservoir to the ocular surgical infusion instrument; and

(c) a valving means fn communication with the second conduit 
for controlling the flow of liquid infusate from the liquid infusate

20 reservoir to the ocular surgical infusion instrument;

thereby permitting accurate and rapid control of infusion

pressure during intraocular surgery and avoiding the deleterious 

consequences of underpressurization or overpressurization and 
jetstreaming during such surgery.

25 2. An apparatus for controlling intraocular pressure according
to claim 1, further comprising;

(d) a gas pressure control means for variably controlling the 
pressure of the gas from the source of continuous pressurized gas by 
audible command signals.

30 3. An apparatus according to claim 2, further comprising an

indication means, in connection with said gas pressure control means, 

for providing a human audible indication of the pressure of the gas 
source of continuous pressurized gas.

An apparatus according to claim 2, wherein said gas 

control means for variably controlling the pressure of the
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gas from the source of continuous pressurized gas provides an audible 
signal acknowledging a detected audible command signal.

5. An apparatus according to any preceding claim, further 
comprising:

5 a third conduit for conveying pressurized gas from the source of

continuous pressurized gas to the ocular surgical infusion instrument; 
and wherein said valving means selectively connects either the second 

or third conduit to the ocular surgical infusion instrument such that 

when the second conduit is connected to the ocular surgical infusion

10 instrument, liquid infusate from the liquid infusate reservoir is 

conveyed to the ocular surgical infusion instrument, and when the 
third conduit is connected to the surgical infusion instrument, 
pressurized gas from the source of continuous pressurized gas is 

conveyed to the infusion instrument;

15 thereby permitting rapid conversion between liquid and gas

infusion during such surgery.

6. An apparatus according to claim 5, further comprising a 

valve position audible-control means connected to the valving means 

for selectively controlling the connection of either the second or

20 third conduit to the ocular surgical infusion instrument by audible 

command signals.

7. An apparatus according to claim 6, further comprising a 
feedback means for acknowledging response of the valve position 

audible-control means.

25 8. A method of ocular perfusion using Gas Forced Liquid

Infusion (GFLI), comprising:
(a) continuously supplying pressurized gas at a selectaW 

pressure from a source of continuous pressurized gas having a control 

means to vary gas pressure;
30 (b) pressurizing the contents of a liquid infusate reservoir

with the pressurized gas such that the pressure within the Vquid 
infusate reservoir is substantially the same as the pressure supplied 

by the source of continuous pressurized gas;

(c) supplying only the liquid contents of the liquid infusate 

reservoir to an ocular surgical infusion instrument for infusion into 

a selected anterior or posterior ocular chamber as an infusate;

STA/0952E
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(d) selectively varying the pressure of the liquid infusate 
within the selected anterior or posterior ocular chamber by 
controlling the pressure of the gas from th, our’ce of continuous 

pressurized gas;

5 thereby permitting accurate! and rapid control of infusion

pressure during intraocular surgery and avoiding the deleterious 

consequences of underpressurization or overpressurization and 
jetstreaming during such surgery.

9. A method according to claim 8, wherein the source of
10 continuous pressurized gas is in direct communication with a

pressurized gas pocket within the liquid infusate reservoir.

10. A method according to claim 8, further comprising:

(e) controlling the pressure of the gas from the source of 

continuous pressurized gas by audible control signals detectable by a

15 gas pressure control means which varies gas pressure in accordance 
with the detected audible command signal.

11. A method according to claim 10, wherein said control of the 
pressure of the gas from the source of continuous pressurized gas by 
audible command signals includes a human audible signal acknowledging

20 the detected audible command signal.

12. A method according to claim 10, wherein said pressurization 
of the contents of the liquid infusate reservoir is accomplished with 

the pressurized gas output from tbs source of continuous pressurized 

gas in direct communication with the pressurized gas pocket within the

25 liquid infusate reservoir.
13. A method according to claim 10, further comprising 

providing a feedback means for acknowledging response of the gas 

pressure audible-control means.

14. A method according to any preceding claim, further 

30 comprising:

supplying pressurized gas from the source of continuous 

pressurized gas to the ocular surgical infusion instrument and 

selectively infusing the selected anterior or posterior ocular chamber 

with a gas or liquid infusate;
35 thereby permitting rapid conversion between liquid and gas
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15. An apparatus for controlling intraocular pressure
substantially as hereinbefore described with reference to Figures 1 to 

3 of the drawings. ’

16. A method of ocular perfusion substantially as hereinbefore 

5 described with reference to Figures' 1 to 3 of the drawings.

DATED this SIXTEENTH day of SEPTEMBER 1993

VitreoretinaT Development, Inc.

Patent Attorneys for the Applicant 
SPRUSON & FERGUSON
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