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Description

Background of the Invention

[0001] The present invention relates generally to per-
istaltic pumps and more specifically to peristaltic pumps
used in ophthalmic surgical equipment.

[0002] Peristaltic pumps work by compressing or
squeezing a length of flexible tubing (sometimes between
a fixed race) using a rotating roller head. As the roller
head rotates, the rollers stretch and pinch off a portion
of the tubing and push any fluid trapped in the tubing
between the roller in the direction of rotation. Peristaltic
pumps are widely used in medical applications because
of their predictable flow properties.

[0003] Many factorsinfluence the efficiency of peristal-
tic pumps, for example, pump motor torque, pump speed
and pump tube flexibility. The efficiency of a peristaltic
pump is also dependent on how tightly the pump rollers
crush the tubing against the pump race. If the tubing is
not collapsed completely by the rollers, not all of the fluid
will be pushed further down the tube. One characteristic
of peristaltic pumps is that flow rate varies in a cyclical
manner. As a roller begins to pinch off the pump tubing,
flow rate is reduced to minimum and then is accelerated
to a maximum as the roller continues to sweep along the
pump tubing segment. The pressure moves in an inverse
relationship to the flow (Pressure Tas Flow | or Pressure
| as Flow T). As the next roller begins to pinch off the
pump tubing, the cycle starts again. This cyclical variation
in flow rate causes a cyclical variation in pressure within
the fluid path, the effects of which can be observed as
pressure pulsations at the operative site. Prior art peri-
staltic pumps have reduced the effects of these pulsa-
tions by increasing the number of pump rollers and/or by
tapering the tubing, by introducing capacitance/compli-
ance chambers into the aspiration line or by variable ra-
dius pumps. Increasing the number of rollers and/or the
use of variable radius pumps increases the costand com-
plexity of the pumping mechanism. Compliance or ca-
pacitance chamber negatively affect the performance
(such as vacuum rise time) of the pump.

[0004] Accordingly, a need continues to exist for a
method of reducing pulsations in a peristaltic pump that
can be implemented without adding unnecessary com-
plexity or compliance to the pumping system.

Brief Summary of the Invention

[0005] The present invention improves upon prior art
peristaltic pumps by providing a peristaltic pump having
an adaptive pulsation profile.

[0006] Accordingly, one objective of the presentinven-
tion is to provide a high efficiency peristaltic pump.
[0007] Another objective of the present invention is to
provide a peristaltic pump that reduces pump pulsations.
[0008] Yet another objective of the present invention
is to provide a peristaltic pump having an adjustable,
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adaptive pulsation profile.

[0009] These and other advantages and objectives of
the present invention will become apparent from the de-
tailed description, drawings and claims that follow.

Brief Description of the Drawings

[0010]

FIG. 1 is a perspective view of a surgical console
that may be used with the present invention.

FIG. 2 is a cross-sectional view of one embodiment
of a peristaltic pump of the present invention.

FIG. 3 is a plot of pump pressure/outflow over time
for prior art peristaltic pumps.

FIG. 4 is a plot of pump pressure/outflow over time
for the peristaltic pump of the present invention.
FIG. 5 is a schematic representation of the pump of
the present invention.

Detailed Description of the Invention

[0011] As best seen in FIG. 2, in one embodiment of
the present invention, pump 10 of the present invention
generally includes pump motor 12, roller head 14, con-
taining one or more rollers 16. Pump 10 is used in com-
bination with cassette 18 having elastomeric sheet 20
applied to the exterior of relatively rigid body or substrate
22. Pump motor 12 preferably is a stepper or D.C. servo
motor. Roller head 14 is attached to shaft 24 of motor 12
sothatmotor 12 rotates roller head 14 in a plane generally
normal to the axis of shaft 24, and the longitudinal axes
of rollers 16 are generally radial to the axis of shaft 24.
Shaft 24 may contain shaft position encoder 25.

[0012] With respect to cassette 18, sheet 20 contains
molded fluid channel 26 that is generally planar, arcuate
in shape (within the plane) and having a radius approx-
imating that of rollers 16 about shaft 24. Sheet 20 may
be made of any suitably flexible, easily molded material
such as silicone rubber or thermoplastic elastomer.
Sheet 20 is attached or bonded to substrate 22 by any
suitable technique such as adhesive, heat fusion or me-
chanical crimping. Substrate 22 preferably is made of a
material that is rigid with respect to sheet 20, such as a
rigid thermoplastic, and may be made by any suitable
method, such as machining or injection molding.

[0013] As bestseeninFIG. 5, pump 10 of the present
invention may form part of console 112. Console 112
generally contains pump 10 that is in fluid communication
with aspiration line 120 and aspiration exhaust line 134.
Aspiration line 120 is connected to surgical handpiece
122 on one end and end 118 of aspiration line 120 op-
posite handpiece 122 is connected to pump 10 so as to
draw fluid through handpiece 122. Aspiration line 120 is
intersected between handpiece 122 and 118 by aspira-
tion vent line 124. In fluid communication with aspiration
line 120 is sensor 126, which may be one of a variety of
invasive or non-invasive pressure or flow sensors well-
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known in the art. Exhaust line 134 and vent line 124 drain
aspirated fluid into reservoir 128 contained within or on
cassette 18. Reservoir may additionally drain into drain
bag 129, which may also be contained within or on cas-
sette 18.

[0014] AsbestseeninFIGS. 3and4,the flow/pressure
of peristaltic pumps plotted against time has character-
istic peaks and valleys. Each peak and valley corre-
sponds to a pump roller displacing fluid from a currently
engaged pump segment. The minimum point (valley) cor-
responds to a roller just pinching off the pump segment
(thus momentarily reducing flow), the maximum (peak)
corresponds to flow being accelerated to a maximum
rate. As seen in FIG. 3, prior art pumps can have large
flow/pressure discrepancies between the peaks and val-
leys, by way of example only, on the order of 10-15 mm
Hg.

[0015] Pump 10 of the present invention has an adap-
tive variable speed control to accelerate rotation of rollers
16 on roller head 14 through known minimum flow (max-
imum pressure) points, and slow down rotation of rollers
16 on roller head 14 through known maximum flow (min-
imum pressure) points. This acceleration/deceleration
profile can be adaptive; in other words, can vary depend-
ing upon cassette 18 and/or the surgical parameters set
by the user. For example, a set of pressure data versus
roller 16 position can be recorded by surgical console
112 using sensor 126 and encoder 25 during initial prim-
ing or other pre-operational tests of cassette 18. This
data can be can be used to derive a pump speed profile
required to achieve a desired pressure/flow profile. The
derived profile can be used to control the speed of pump
10 during use. In addition, pressure data and position of
roller 16 can be continually monitored during use, and
this data can be can be used adaptively to vary the pump
speed to achieve and maintain a desired pressure/flow
profile during surgery. Further, console 112 can be pro-
grammed with a variety of pressure/flow profiles previ-
ously generated so as to optimize the pressure/flow pro-
file for a particular cassette type or surgical technique.
The proper pressure/flow profile can be manually select-
ed by the user, or console 118 may automatically boot
up such optimum pressure/flow profile by automatic iden-
tification of the cassette (e.g. barcode or RFID). All of
these features can be implemented on commercially
available surgical equipment using software commands
well within a person skilled in the art.

[0016] Alternatively, sensor 126 may be used to predict
minimum and maximum flow/pressure points based on
the speed of motor shaft 12 so that encoder 25 is not
necessary.

[0017] As best seenin FIG. 4, which is plotting on the
same scale as FIG. 3, optimization of the pressure/flow
profile can resultin greatly attenuated peak to valley pres-
sure variations, for example, on the order of a 3 to 1
reduction.

[0018] This description is given for purposes of illus-
tration and explanation. It will be apparent to those skilled
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in the relevant art that modifications may be made to the
invention as herein described without departing from its
scope or spirit. For example, the presentinvention is also
applicant to more conventional peristaltic pumps that
stretch a length of tubing over the roller head.

Claims

1. A peristaltic pump (10), comprising a rotatable shaft
(24) and aroller head (14) carrying a plurality of roll-
ers (16) mounted to the shaft, adapted in use to dis-
place fluid along a segment of a flexible fluid channel
(26), characterized by;
an adaptive variable speed control configured to ac-
celerate rotation of the pump through known mini-
mum flow points, and to decelerate rotation of the
pump through known maximum flow points.

2. The peristaltic pump of claim 1, further comprising
means (126) to monitor fluid pressure and/or flow
caused by the rollers (16) over time, so as to derive
a pump speed profile required to achieve a desired
pressure/flow profile, or so as to predict said mini-
mum and maximum flow points.

3. The peristaltic pump of claim 1 or claim 2, further
comprising means (25) to monitor the shaft (24) or
roller (16) position over time.

4. The peristaltic pump of claim 1, wherein the accel-
eration and deceleration of the peristaltic pump is
based on a pump pulsation profile, the pump pulsa-
tion profile being determined during initial priming or
other pre-operational test of the peristaltic pump.

5. The peristaltic pump of claim 1, wherein the accel-
eration and deceleration of the peristaltic pump is
based on a pump pulsation profile, the pump pulsa-
tion profile being continually determined during op-
eration of the peristaltic pump.

6. The peristaltic pump of claim 1, wherein the accel-
eration and deceleration of the peristaltic pump is
based on a pump pulsation profile, the pump pulsa-
tion profile being set by a user of the peristaltic pump.

7. The peristaltic pump of claim 1, wherein the accel-
eration and deceleration of the peristaltic pump is
based on a pump pulsation profile, the pump pulsa-
tion profile being determined by automatic recogni-
tion of a cassette (18) comprising the segment of a
flexible fluid channel (26), being used with the peri-
staltic pump.

8. A surgical console (112), comprising:

(a) a peristaltic pump (10), the peristaltic pump
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having a shaft (24) and a roller head (14) carry-
ing a plurality of rollers (16) mounted to the shaft,
adapted in use to displace fluid along a segment
of a flexible fluid channel (26);

(b) a position encoder (25) associated with the
pump for establishing the location of the shaft
(24) or the rollers (16);

(c) a sensor (126) for determining a pressure
generated in an aspiration line (120) by the per-
istaltic pump; and

(d) an adaptive variable speed control, respon-
sive to the position encoder (25) and the pres-
sure sensor (126) to accelerate rotation of the
pump rollers (16) through known minimum flow
points, and to decelerate rotation of the pump
rollers (16) through known maximum flow
points.

The surgical console of claim 8, wherein the adaptive
variable speed control is configured to cause accel-
eration and deceleration of the peristaltic pump (10)
based on a pump pulsation profile, the pump pulsa-
tion profile being determined during initial priming or
other pre-operational test of the peristaltic pump.

The surgical console of claim 8, wherein the adaptive
variable speed control is configured to cause accel-
eration and deceleration of the peristaltic pump (10)
based on a pump pulsation profile, the pump pulsa-
tion profile being continually determined during op-
eration of the peristaltic pump.

The surgical console of claim 1, wherein the adaptive
variable speed control is configured to cause accel-
eration and deceleration of the peristaltic pump (10)
based on a pump pulsation profile, the pump pulsa-
tion profile being set by a user of the console.

The surgical console of claim 1, wherein the adaptive
variable speed control is configured to cause accel-
eration and deceleration of the peristaltic pump (10)
based on a pump pulsation profile, the pump pulsa-
tion profile being determined by automatic recogni-
tion by the surgical console (112) of a cassette (18)
comprising said segment of said flexible fluid chan-
nel (26), the console being adapted to receive the
cassette and being adapted to cause the peristaltic
pump to coact with the cassette.

10

15

20

25

30

35

40

45

50

55






EP 1835179 A1

FIG. 2



Pressure//Flowt

Pressure}/Flowt

5;&*; 2 Bucinerin st cliai £

34 M B VB $OEERFEA W SR Biits

; i
# w
E3 £
| PTTOr %,.a T e P
%
- &
3 [
3 H
doror w”éy sru s «qnw%wm o
S & H
3 Y ¥
" H

e art

£ 3

RN 4»-9?»«/ EEETITS
i
;!‘:

ek g ;xmg Wk ok a g

30 e T R

EYS ST S EON

EP 1835179 A1

ERFS 13 - PR i %

£ge8 %e 4@;;3;:1%:;;! Awmx FESULES THE PO L £I 52 MeHE STVIHE S0 dgnd KRR

3 3 H
P ' ! : : 1?
i i § ; ik
9§3QI ¥ o0 WS 5 8 GREFENTISRT PR &;?uvst!ﬁx ¥rafes gae Hovdgy e g;«;k;ﬁ;!z’i L a%{g‘
1 & § E L 4
i : i i
i i
v A sk d o vy B R T e ¢ i3
i P %" : ¢ i
4 % * 5 % % 8
PO \ - N
ks
~3n wmu:iﬁ-i Y S ;u@g ey !i.x vixxf 34%e - R P n% [oR st§n 5 ¢ b Rk
i z A
T : : : -
- Fe Ak it&t&ﬁ BE AR RS G BT £ LR
T b
i { i .
3 b
¥ i %
i ¢ i
H i

”Xi’ s

wn

%
#
¥
5w o M « f
LI ERDT ﬂkﬁﬂ#.“ g
13 2
% i
3 &
sawwr o Tamas coskab s B eags 4ETEHe 58 8143t
H ) ; .
o AEE PR Elaitie b S H Lt A
Time
A
. 'k RN
Fo s B g‘ujm»uw; THARE G FE BPREARIE IR R IR, - £ vt gas sman s
g " s :
] 3 § 2 H 2 ¥ 2
] H 2 H
¥ z k M i 4
v wocmn e s os v fonssume ok x P T SRR N VT P e
4 # ¥
3 i
i

b o W

g o o 1

5 e AR
n
5
N
mm«w& B

e B

i :
i%.;g@sa.g;;nu wa;
s

{ : :

&
iaﬁmwid} S SRR E R ]
¥

pn—

2
*
3

RS e b wi«v%umn'

e

P

S AT Y

o

! :
iﬂm?&ﬁdﬁ ¥ N* € @Q1N“§M

2

g
% %’za
Pog
: i
8 Bubselig

@Stﬁhw!%w

% i
%

»%t»ﬂa&ma& Maa&w%-z ¥ Baf¥
® 3

g
*
H

T ,sM;aa £ rade ghve uwms 4k
&
&

3
¥
i»e 3 s

S4B REE I 3

:
xmgs;ue a%

=
4
Hio
e
3*

A A

LR
i By
"""%mﬁ@ £

5
& 1
H ;
1
RN E S

«

g
zimwws 5
*
+

"
5

2 3 H x 2 3 3
! 1 3 § i i : : i
: 5 : . 1 } : 1
;unwm&&& Eaed vw?x» 22 T uguww w2 3 theis St apewoedenres g ei;&%
H 3
% % 4 b i i
: # : ] : # 1 % ¥
H 1 i 8 ! N : i ot
Bh & pe 8 T OB et R gt HE A A ok S N ] b - h Fore emee
)
N g TR ARy 222

FI1G. 4



EP 1835179 A1

o

a

]

]

1]

]

1

]

]

1

1

]

1

]

}

]

]

]

]

]

]

)

]

i

{

:

]

™

) N

] -

] —

l .

i

]

]

]

]

|

]

{

]

|

]

{

]

]

1

]

1

)

}

1

................................... | 1
Le| ] L@
! b J !
Seg ! “
ureiq i :

m 7e N y ot
— m }QJ — “
‘ S JI0SUdS Mo | /)

HIOANIST m 1snvHX3 Am._z_ 10amssaxg [ ! L_ﬂ
\ m ﬁ gif | m, e

8¢/ ; o/ !
....................................



—

EPO FORM 1503 03.82 (P04C01)

EP 1835179 A1

o>) (E;:i::e“‘" Patent EUROPEAN SEARCH REPORT

Application Number

EP 07 10 3180

DOCUMENTS CONSIDERED TO BE RELEVANT
Cat Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
alegory of relevant passages to claim APPLICATION (IPC)
X US 2005/095155 Al (GENE WARZECHA LINVATEC |1,2,5 INV.
CORP.; BLIGHT, D.; STUBKJAER, E.; FRITZ, FO4B43/12
J.) 5 May 2005 (2005-05-05) FO4B49/20
* paragraph [0001] - paragraph [0004] *
Y * paragraph [0021] - paragraph [0025] * 3,8,10
* paragraph [0065] - paragraph [0067] *
* claim 1 *
* figure 1 *
Y WO 97/37703 A (BAXTER INTERNATIONAL INC.) (3,8,10
16 October 1997 (1997-10-16)
* page 1, line 4 - page 2, line 2 *
* page 20, line 15 - page 22, line 21 *
* figure 1 *
X GB 2 207 196 A (BODENSEEWERK PERKIN-ELMER [1,3,4,6
& CO GMBH) 25 January 1989 (1989-01-25)
* page 1, line 18 - page 2, line 22 *
* page 5, line 21 - line 32 *
* page 10, line 19 - page 12, line 34 *
* figures 1,3 * TECHNICAL FIELDS
_____ SEARCHED (IPC)
X US 5 188 604 A (ROCKY MOUNTAIN RESEARCH, |1,2,5 FO4B
INC.; ORTH, J.)
23 February 1993 (1993-02-23)
* column 2, line 62 - column 3, Tine 19 *
* column 7, line 47 - column 8, line 27 *
* column 19, Tine 19 - column 20, line 15
*
* claim 1 *
* figures 1-4 *
A FR 2 466 641 Al (LE BOEUF, L.) 1-3,8
10 April 1981 (1981-04-10)
* page 1, line 1 - 1ine 16 *
* page 5, line 20 - page 7, line 25 *
* page 9, line 16 - page 10, Tine 40 *
* figures 1,2 *
_/ -
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
Munich 20 April 2007 Gniichtel, Frank
CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
E : earlier patent document, but published on, or
X : particularly relevant if taken alone after the filing date
Y : particularly relevant if combined with another D : document cited in the application
document of the same category L : document cited for other reasons
A:technological background e e e
O : non-written disclosure & : member of the same patent family, corresponding
P : intermediate document document




[y

EPO FORM 1503 03.82 (P04C01)

EP 1835179 A1

o Eul:opean Patent EUROPEAN SEARCH REPORT Application Number
Office EP 07 10 3180

DOCUMENTS CONSIDERED TO BE RELEVANT

Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE

Cat ’
alegory of relevant passages to claim APPLICATION (IPC)

A US 20037190244 A1l (ALCON RESEARCH, LTD.; 1-3,8
DAVIS, S. ET AL.)

9 October 2003 (2003-10-09)

* paragraph [0022] - paragraph [0029] *
* figures 1,3,8 *

TECHNICAL FIELDS
SEARCHED (IPC)

The present search report has been drawn up for all claims

Place of search Date of completion of the search Examiner
Munich 20 April 2007 Gniichtel, Frank
CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
E : earlier patent document, but published on, or

X : particularly relevant if taken alone after the filing date
Y : particularly relevant if combined with another D : document cited in the application

document of the same category L : document cited for other reasons
A :technological background e e
O : non-written disclosure & : member of the same patent family, corresponding
P : intermediate document document

10



EPO FORM P0459

EP 1835179 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 07 10 3180

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

20-04-2007
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2005095155 Al 05-05-2005  NONE

WO 9737703 A 16-10-1997 AT 255925 T 15-12-2003
AT 282443 T 15-12-2004
AT 250947 T 15-16-2003
AT 268613 T 15-06-2004
AT 248618 T 15-09-2003
AT 259249 T 15-02-2004
AU 712859 B2 18-11-1999
AU 2587497 A 29-10-1997
CA 2223838 Al 16-10-1997
DE 69724600 D1 09-10-2003
DE 69724600 T2 24-06-2004
DE 69725332 D1 06-11-2003
DE 69725332 T2 29-07-2004
DE 69726683 D1 22-01-2004
DE 69726683 T2 07-10-2004
DE 69727561 D1 18-03-2004
DE 69729456 D1 15-07-2004
DE 69731650 D1 23-12-2004
DE 69731650 T2 01-12-2005
DK 836492 T3 05-04-2004
DK 0934752 T3 26-01-2004
DK 0891784 T3 13-10-2003
EP 0836492 Al 22-04-1998
ES 2212091 T3 16-07-2004
ES 2209059 T3 16-06-2004
ES 2206830 T3 16-05-2004
HK 1024521 Al 06-07-2001
HK 1024522 Al 07-12-2001
HK 1026248 Al 10-08-2001
HK 1026249 Al 10-08-2001
HK 1026250 Al 07-12-2001
HK 1026251 Al 27-07-2001
HK 1026252 Al 16-11-2001
HK 1026253 Al 16-11-2001
HK 1026469 Al 16-11-2001
HK 1002288 Al 03-08-2001
JP 11508017 T 13-07-1999
JP 2003049779 A 21-02-2003
JP 2003286959 A 10-160-2003
JP 2005161092 A 23-06-2005
JP 2006029340 A 02-02-2006
NZ 329320 A 29-09-1999
NZ 333087 A 28-01-2000
NZ 333088 A 28-01-2000

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

11




EPO FORM P0459

EP 1835179 A1

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO. EP 07 10 3180

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

20-04-2007
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 9737703 A NZ 333089 A 28-01-2000
NZ 333090 A 28-01-2000
NZ 333091 A 28-01-2000
NZ 333092 A 28-01-2000
NZ 333093 A 28-01-2000

GB 2207196 A 25-01-1989 AU 612378 B2 11-07-1991
AU 1898988 A 27-01-1989
DE 3723178 Al 26-01-1989
JP 1094263 A 12-04-1989
US 4952372 A 28-08-1990

US 5188604 A 23-02-1993  NONE

FR 2466641 Al 10-04-1981  NONE

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

12



	bibliography
	description
	claims
	drawings
	search report

