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(57) ABSTRACT

A method and system are described for controlling a thera-
peutic procedure performed on a patient. Based on patient-
related information, control system (90) determines at least
one dosage parameter and at least one application parameter
of the therapeutic procedure. Display (117) displays one or
more prompts instructing an operator to introduce at least one
external substance into the patient in accordance with the at
least one dosage parameter and displays one or more instruc-
tions to the operator to apply an output of an application
device (80) to a treatment area (100) of the patient in accor-
dance with the at least one application parameter. The thera-
peutic procedure may be an Indocyanine Green mediated
photothrombosis treatment for age-related macular degenera-
tion.
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Figure 1B



Patent Application Publication = Dec. 10,2009 Sheet 2 of 15 US 2009/0306634 A1

Laser 0
Assembly J 8
- I - -
Display Control : Slit Lamp
System Adapter
¢ ’ ¢ " (SLA)
Foot Pedal Keyboard

116

121 L r\—/

Figure 1C



—
-
-
pey a.inby
2 at 4
&
S
(o]
=
—
=)
m £21 (AN 343 FAAR gLt Sip
o \ \ \ \ \ \
z iz
lojonuog 00| yoiimg
/ Aevoyny sy 1004 Lepdsigy pieoqiay izzng
Addng
v A Jamog
\m 1By BUr] YoUMg ajuolos|y
o
100168
- / \ < {eAsuy N ozt
e
- < 8sing
> gzl ¥Th »
= >
» p3jes
©» » 108S9004 |« uogemnp N 6Ll
=N asindg
= )
. .
(S 108U8% 0JoU | qowy PN
= Jamaod gLt
— / 181104 iase
. A 1
8 m:\»// Spoip AR Sﬂ.// Jemag
D 6ot 18seT] H A
oLt '
og F /7T MM M G mm a6 e e 2 mae 2 e g e x e > mm e b e B ¢ v v e a e o 1
. i t Ajnes Jeset Addng
= / I m " . 1@mod
.m . 3 ] 1 losg
) J0suss ; i :
m ¥ooy N; 98 brimimime - o8 — § /
H=] euqid |7 sUe susS’y apoip .
= ! 19887 g1
. L0k
Dn.... i . 1L
= Twn et b osem ke s s % e n o ok e 4 ekl w s s mem s e s « - .ll.-lm//\\
=2
~N
S 204
= 0L
W Q0% 801 €0l
€33
-
~N—
=
&
o]
-



apon
E Jusuneel | l/

US 2009/0306634 A1

A 005
= spoi
St ApoiN Nt sasuslajald
e 1880 r/
-
= 7 e
= Q0¥
_—
w2
N
(=
m

» Spoy

m., SPOWN " lojpuleled 195
% /s jear]
(= 00g
=
2
N
® > Spon
m SPoN ‘ uoRe.Iqi[eo-0iNY
m " jeall M\ c
= 002
=]
ﬁ el
]
3
=
] ‘Bi1 Uga
~—
g ¢ = 00}
~—
o]
=™



1oV

repad
100} a4} $sdld

US 2009/0306634 A1

09e

leped
100} B} SS8id

4OV IIONYD

092

sasse|B
fapes ue Ing

lepad
100} 2} SSald

Dec. 10,2009 Sheet 5 of 15

oee

apowy
uoneig)ed-oINy

LULPUsD
uoReiqyEs-oINy

10308)9p
au uonisod

00¢

Patent Application Publication



— i ]

VIS o v L
lB v@s_\b // 23Q \ \\. ONI // \\//

[ZeRtaR I ¢R2S
o213 Uoise

wwe'y 0} 0ds 198

US 2009/0306634 A1

Gle

gie jor=1al M ONI

[Aayta]
wwg'g - Wwg'L
2215 UOISET

wwg'z o) jods jog

gie

234 ONI

Dec. 10,2009 Sheet 6 of 15

a1 wwg'L>
°7ig uciss

ezis UoIsay

wwg'| o} jods 185

apoi
sivjeweled J18g

JLUIGUOD
siseeIRd 198

Zle Lie k
S3A
mEs %

¥ "'Old \

ooe

Patent Application Publication



US 2009/0306634 A1

Dec. 10,2009 Sheet 7 of 15

Patent Application Publication

S "Old

> 7& o rLVJ

ﬁ>> issuE
wig' | sua’

S3A e
n3s / 030 \ \ ONI

(wgz jo =]
saBuLAs Z) Wy u a8

vze

(TES )
sabulAe g) jwg W
9ot Buipgl “deid

zze _.Nm

2635/

WBIaM sjus)ed

A
eBgL<
\ jyBrom sjusped

whem spusped

S

0ze



US 2009/0306634 A1

Dec. 10,2009 Sheet 8 of 15

Patent Application Publication

M0
wowbid
Y [BULON
uawbid

e ﬁ||.

yBiH

A

JusLWbid

juswiblg

ZZiNd



US 2009/0306634 A1

Dec. 10,2009 Sheet 9 of 15

Patent Application Publication

L 'Old

Aysusyug
punog 9agu|

Ldd

LULIUOD
sanuaI9)ald 198




US 2009/0306634 A1

Dec. 10,2009 Sheet 10 of 15

Patent Application Publication

Rjisuayuf wesg

Suuy sagou]
A
30N oNi /' 03a / /S ONL N\
A A i 7y
4= Aususjug Rylsuoyy

wieag Buupy weayg Buuny

8 "9Id



US 2009/0306634 A1

Dec. 10,2009 Sheet 11 of 15

Patent Application Publication

~
_ v
LdL

% Luguog

ON afesop js1y 108(u|
INVO

v (HLTIFONYD _ ~.||._ //oom rL _ EMETIHONYD _ i N

<juawfig> )\

Juawbig wiguod

BEETN

3zIg <yblams

_,/
‘ CILIIONYD _ _|||l* \_ W ¢H1TTEONYD ‘ _|||||L 0£s L ; ¢HITIIONYD _ _|._

[0) 42}

Jpauuopad
uoljeiqies-oiny

LU0
ummE.wmmw, apopy uswyeal] )

AN

6 OI4 | (o

00$



o .
N A1 ANDLTHEI e
948

™, * | SO S

™

o=il j

{ R, S S3A
D [ srore N\ e e
=T MWCIS=d  he]  S060LL P
ON wA._.v oWl
INVD ﬂ --i. \zS

/ om._. JAONYO

\N\E.Ecoo ‘sfiesop
puo2as jo8lu}

US 2009/0306634 A1

/ LUUOD ™,

‘uoisa) uo Wesq
Buiie uosod

Juluon ‘eka
DU} UO SUS| 308d

Dec. 10,2009 Sheet 12 of 15

sasself a

up Jose Bunupny

wo doog Ajs1es uo g deeg snonupuoy (~—  SOZL Ll oN s<ll>ewiy SO8SL ILL| e
: INYD
gle \ LYLTIHONYD oLe
0z A

oL 'Ol \ >

Patent Application Publication



US 2009/0306634 A1

Dec. 10,2009 Sheet 13 of 15

Patent Application Publication

A uopeoldde Jose}

/

€ 10} m.;_mao{‘.

08L

—H EASH A n_m_02<0

2ULU0y
‘uo|se| uo wesaq
Buune uonysod

K 08l

suiyuon ‘sks up weeg Butwry |
3} Uo sug) aoeld yo dasg o

// 0L

oN deag snopupuoy) |-t SOZL ibL = _{ S Hw%w“mmm.hm sogal )| | m:_E.__Mw_.%_EE.
3 =
INVO K S<li> Agplg UBN HO uing
- LHITIHONYD | | / 9L LBLTI30NYD , //
! 0s.
Sy
\\ 9EL LnoLl yys ovL
uoljeo/jddy 0={L
awnsay ¢ ug e
Iepad mm,..vrw._<\ﬂ_>wE Jase] ua §'L=v18
. an 3.8=d r<Z'7>=30 SOOLILL | 1 uepy sjeapoy | Fped gL=Tmus e=g $09 111
epo, S<ll> L dy lepe
Uoneoyddy osned el 1°Ped AR rl\ , o 1004 BU; 5531
%%U ags szL 0zs - \ e K
/ _ {MLTIFONYD coL
LHLTIBONYO
e FL "DOId //
oLL (" zuL



US 2009/0306634 A1

Dec. 10,2009 Sheet 14 of 15

Patent Application Publication

S'i=T AW g/E=
r<5020l>=30
{patuloyad

058

ZclL "oid

48

o

19587 -
LIBN 40 Wit

uoll

J8se
Bujuy 4o ung,

uoijes)ddy

suinsey !

eojjddy ssneg

H

88

EYLITIIONYD _ T\!lll!i

S'I=v1S
S =T MU

[N N
Glg=d r<g'v>=30 00k -bL

\ sell> 2 oy

Qg8

o8

0z8 \\

18587
upely S1BAOY

_“IqlT\\\\\ a8
»  punog uely :

g'L=v18
G'it=T Al GLE=d <l
iepad

S09 'LL

J00} 9y} Ssald

ol8 K

aig



Patent Application Publication  Dec. 10,2009 Sheet 15 of 15

Treatment 902

v

Information )
fom Check all parameters o
selected
Parameter
Mode
A 4
Apply syringe 1 /906
901

¥
Wait 1800 seconds -/ 008

Apply syringe 2 /910

\J

Information
from Apply laser power P1 for

100 seconds |/ 912

4

Parameter
Mode

A 4
901 Wait 1800 seconds / 914

Information l

from »| Apply laser power P2 for
Parameter 100 seconds /916
Mode

A 4
901 918
{ Retum P

Figure 13

US 2009/0306634 A1

900

/



US 2009/0306634 A1

METHOD AND SYSTEM FOR CONTROL OF
THERAPEUTIC PROCEDURE

FIELD OF THE INVENTION

[0001] The present invention relates to medical treatment
and diagnostic procedures. In a particular form the present
invention relates to a control system and method for use in a
therapeutic procedure that combines the introduction of
external substances to a patient with the use of an application
device.

BACKGROUND OF THE INVENTION

[0002] A number of medical treatment and diagnostic pro-
cedures involve the combined effect of a substance which is
introduced into a patient which in turn promotes the thera-
peutic or diagnostic effectiveness of a separate application
device whose use forms part of the procedure. One example
of such a procedure involves the introduction of a radioactive
substance into a patient’s body which is subsequently
detected by an X-ray machine. The distribution of the radio-
active substance throughout the areas being examined allows
the clinician to determine the extent of conditions such as
cancer and the like.

[0003] This procedure can also be applied in reverse where
the introduced substance is a contrast or dye material which
preferentially blocks X-ray photons as they pass through the
body after emission from an X-ray machine. A similar prin-
ciple applies in the use of contrast dyes and MRI machines
where the application of the dye modifies the magnetic prop-
erties of the area being examined.

[0004] Another example of such a procedure is photody-
namic therapy which involves the irradiation of certain
chemicals which are selectively absorbed by cancer cells. On
their breakdown under intense irradiation in the treatment
area, these chemicals release further chemicals which are
toxic to the cancer cells. Another procedure which relies on a
similar principle is Indocyanine-Green Mediated Photo-
thrombosis (i-MP) which is employed in the treatment of
age-related macular degeneration (AMD) and other choroidal
diseases.

[0005] AMD in its exudative stage is characterised by the
formation of new blood vessels underneath the retina. This is
termed choroidal neovascularisation (CNV) and these vessels
tend to leak, causing haemorrhage and swelling of the macula
leading potentially to retinal detachment, the formation of
scars and ultimately to the irreversible loss of visual acuity.
There are also other diseases that lead to the formation of
CNV-type symptoms such as pathologic myopia, angioid
streaks and other conditions resulting from idiopathic and
inflammatory causes.

[0006] ICG-mediated photothrombosis (i-MP) is a proce-
dure that relies on the photo-activation of Indocyanine Green
(ICG) in the targeted tissue by the application of a continuous
low irradiance 805 nm laser to achieve selective vascular
occlusion with minimal or no damage to adjacent neural
structures or tissues. The therapeutic effect arises from the
photochemical reactions between pathologic tissues with
increased ICG uptake and the laser energy causing selective
necrosis of the CNV. The therapy may result in restoration or
stabilisation of visual acuity and control of the disease.
[0007] However, treatment or diagnostic methodologies
such as i-MP suffer from a number of significant issues which
can make their use both overly complicated and costly. The
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most significant disadvantage is that these methodologies
rely on the complex interplay between a chemical introduced
into a patient and an application device such as a laser, X-ray
machine or the like. Because of the complexity of the proce-
dure there is greater scope for error either in the introduction
of the relevant chemical to the patient and/or the use of what
is often extremely sophisticated equipment in the course of
the procedure.

SUMMARY OF THE INVENTION

[0008] According to a first aspect of the invention there is
provided a computer-implemented method of controlling a
therapeutic procedure performed on a patient, the method
comprising:

[0009] determining at least one dosage parameter and at
least one application parameter of the therapeutic pro-
cedure dependent on patient-related data;

[0010] displaying one or more prompts instructing an
operator to introduce at least one external substance into
the patient in accordance with the at least one dosage
parameter; and

[0011] presenting one or more instructions to the opera-
tor to apply an output of an application device to a
treatment area of the patient in accordance with the at
least one application parameter.

[0012] According to a further aspect of the invention there
is provided a computer-implemented method of controlling a
therapeutic procedure performed on a patient, the method
comprising:

[0013] determining, dependent on patient-related data, a
dosage of an external substance to be introduced into the
patient;

[0014] calculating, dependent on the patient-related
data, a desired output of an application device to be
applied to a treatment area of the patient;

[0015] displaying prompts instructing an operator to
introduce the external substance into the patient in
accordance with a timing schedule of the therapeutic
procedure; and

[0016] presenting instructions to the operator to apply
the output of the application device to the treatment area,
the instructions being presented according to the timing
schedule.

[0017] According to a further aspect of the invention there
is provided a computer-implemented method of controlling a
procedure for treating macular degeneration in a patient’s
eye, the method comprising:

[0018]

[0019] determining a quantity of an external substance to
be introduced into the patient dependent on the received
data;

[0020] calculating a desired power output of a laser to be
applied to a treatment area in the patient’s eye;

[0021] displaying prompts instructing an operator to
introduce the external substance into the patient in a
plurality of doses, wherein the prompts are displayed
according to a timing schedule; and

[0022] presenting instructions to the operator to apply
the laser beam to the treatment area in a plurality of
applications, the instructions being presented according
to the timing schedule.

receiving data relating to the patient;
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[0023] According to a further aspect of the invention there
is provided a system for controlling a therapeutic procedure
performed on a patient, the system comprising;

[0024] means for determining at least one dosage param-
eter and at least one application parameter of the thera-
peutic procedure dependent on patient-related data;

[0025] means for displaying one or more prompts
instructing an operator to introduce at least one external
substance into the patient in accordance with the at least
one dosage parameter, and

[0026] means for presenting one or more instructions to
the operator to apply an output of an application device
to a treatment area of the patient in accordance with the
at least one application parameter.

[0027] According to a further aspect of the invention there
is provided a system for controlling a therapeutic procedure
performed on a patient, the system comprising:

[0028] data storage for storing patient-related informa-
tion;

[0029] adisplay for displaying information to an opera-
tor, and

[0030] aprocessor in communication with the data stor-

age and the display and arranged to:

[0031] determine at least one dosage parameter and at
least one application parameter of the therapeutic pro-
cedure dependent on the patient-related data;

[0032] cause thedisplay of one or more prompts instruct-
ing an operator to introduce at least one external sub-
stance into the patient in accordance with the at least one
dosage parameter; and

[0033] cause the display of one or more instructions to
the operator to apply an output of an application device
to a treatment area of the patient in accordance with the
at least one application parameter.

[0034] According to a further aspect of the invention there
is provided a computer program product comprising
machine-readable program code recorded on a machine-read-
able recording medium, for controlling the operation ofa data
processing apparatus on which the program code executes to
perform a method of controlling a therapeutic procedure pet-
formed on a patient, the method comprising:

[0035] determining at least one dosage parameter and at
least one application parameter of the therapeutic pro-
cedure dependent on patient-related data;

[0036] displaying one or more prompts instructing an
operator to introduce at least one external substance into
the patient in accordance with the at least one dosage
parameter, and

[0037] presenting one or more instructions to the opera-
tor to apply an output of an application device to a
treatment area of the patient in accordance with the at
least one application parameter.

[0038] According to a further aspect of the invention there
is provided a computer program product comprising
machine-readable program code recorded on a machine-read-
able recording medium, for controlling the operation ofa data
processing apparatus on which the program code executes to
perform a method of controlling a therapeutic procedure per-
formed on a patient, the method comprising:

[0039] determining, dependent on patient-related data, a
dosage of an external substance to be introduced into the
patient;
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[0040] calculating, dependent on the patient-related
data, a desired output of an application device to be
applied to a treatment area of the patient;

[0041] displaying prompts instructing an operator to
introduce the external substance into the patient in
accordance with a timing schedule of the therapeutic
procedure; and

[0042] presenting instructions to the operator to apply
the output of the application device to the treatment area,
the instructions being presented according to the timing
schedule.

[0043] According to a further aspect of the invention there
is provided a computer program comprising machine-read-
able program code for controlling the operation of a data
processing apparatus on which the program code executes to
perform a method of controlling a therapeutic procedure per-
formed on a patient, the method comprising:

[0044] determining at least one dosage parameter and at
least one application parameter of the therapeutic pro-
cedure dependent on patient-related data;

[0045] displaying one or more prompts instructing an
operator to introduce at least one external substance into
the patient in accordance with the at least one dosage
parameter; and

[0046] presenting one or more instructions to the opera-
tor to apply an output of an application device to a
treatment area of the patient in accordance with the at
least one application parameter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0047] Anillustrative embodiment of the present invention
will be discussed with reference to the accompanying draw-
ings wherein:

[0048] FIG. 1A shows schematically a laser system that
includes a laser unit and an optical delivery path for delivering
laser energy to a patient’s eye;

[0049] FIG. 1B shows a laser system having a detector
positioned at the end of the optical delivery path and provid-
ing a feedback signal for calibrating the laser unit;

[0050] FIG. 1C is a schematic diagram of an application
device including the laser unit of FIG. 1A having a control
system, display and user inputs enabling operator interaction
with the laser unit;

[0051] FIG. 1D is a schematic diagram showing more detail
of the system of FIG. 1C;

[0052] FIG. 2 is a flowchart diagram of a mode selection
process in the system of FIGS. 1A-1D used as an i-MP appli-
cation device;

[0053] FIG. 3 is a flowchart diagram of steps performed in
the AUTO-CALIBRATION mode;

[0054] FIG. 4 is a flowchart diagram of a first set of steps
performed in SET PARAMETER mode;

[0055] FIG. 5isaflowchart diagram of a second set of steps
performed in SET PARAMETER mode;

[0056] FIG. 6 is a flowchart diagram of a third set of steps
performed in SET PARAMETER mode;

[0057] FIG. 7 is a flowchart diagram of a first set of steps
performed in USER PREFERENCES mode;

[0058] FIG. 8isa flowchart diagram of a second set of steps
performed in USER PREFERENCES mode;

[0059] FIG. 9 is a flowchart diagram of a first set of steps
performed in TREATMENT mode;

[0060] FIG. 10 is a flowchart diagram of a second set of
steps performed in TREATMENT mode;
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[0061] FIG.11 is a flowchart diagram of a third set of steps
performed in TREATMENT mode;

[0062] FIG.12isaflowchartdiagram ofa fourthset of steps
performed in TREATMENT mode; and

[0063] FIG. 13 is a flowchart providing an overview of the
therapeutic procedure.

[0064] In the following description, like reference charac-
ters designate like or corresponding parts throughout the sev-
eral views of the drawings.

DESCRIPTION OF ILLUSTRATIVE
EMBODIMENT

[0065] The laser system illustrated in FIG. 1A is an
example of a photo-coagulator laser system and may be used
in the application of a therapeutic procedure such as that
described in WO 02/094260 “New use of Indocyanine Green
as a Photosensitive Agent”, published on 28 Nov. 2002.
[0066] The photo-coagulator laser system includes a
photo-coagulator laser unit 10 followed by an optical delivery
path. Upon exiting the laser unit 10, the laser beam travels
through the optical delivery path, which prepares and delivers
the laser beam to a delivery point at a distal end of the optical
delivery path. During treatment the delivery point is applied
to the patient’s eye 100. The optical delivery system generally
includes fibre optic cable 20, slit lamp adaptor 30, slit lamp
microscope 40, beam splitter 50, and a delivery end (contact
lens 60). The contact lens 60 (during treatment) usually con-
tacts the area of the eye that requires treatment, and allows the
laser beam to pass through to the eye. Other types of optical
delivery path may be used, including an endo-ocular probe, a
laser indirect opthalmoscope and a surgical microscope
adapter.

[0067] FIG. 1B shows an overview of a laser system incor-
porating an auto-calibration system. Detector 70 is placed
behind the contact lens 60 so as to measure the power of the
laser beam at the end of the delivery path. Detector 70 con-
verts the measure of the power of the laser beam to an elec-
trical signal which is then fed via communication link 71 to an
input 11 oflaser console 10. This electrical signal is converted
into a digital signal (unless the signal is already a digital
signal) which is then provided to a processor in laser console
10.

[0068] Themeasurement of the power ofthe beam made by
the detector at the delivery end is then compared with the
desired or required power level for delivery. This information
is used to adjust a calibration factor associated with the opti-
cal delivery path. The calibration factor is used in controlling
the power of the laser beam generated by laser console 10.
Accordingly the power generation compensates for the effect
of the optical delivery path.

[0069] This allows the power of the generated beam to be
controlled to provide the desired laser power level to the
patient, even though the optical delivery path may vary sig-
nificantly for different procedures.

[0070] The auto-calibration also accounts for power devia-
tions caused by component variation and degradation in the
delivery path, as well as within the laser console itself.
[0071] Thelaser system calibration method is carried out at
the practitioner’s discretion, but preferably prior to use for
each patient. In one arrangement the laser system locks to
prevent more than ten procedures being performed without an
auto-calibration. Once the laser system has been calibrated,
the detector 70 is removed from the delivery point to allow
treatment of the patient’s eye 100.
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[0072] Generally, deviations in transmission factors of the
delivery system result in a loss of power of the laser beam,
however if the laser system is calibrated to account for a loss
and, for example, the laser system components are cleaned or
replaced at a later stage, then the power of the laser delivered
at the delivery end can become greater than that calibrated for,
resulting in possible injury to the patient. Regular calibration
avoids such problems.

[0073]

[0074] Referring now to FIG. 1C, there is shown a system
overview of the application device, laser unit 10, which may
be employed in a therapeutic procedure according to an illus-
trative embodiment of the present invention. In this illustra-
tive embodiment, the treatment or diagnostic system is the
i-MP procedure described previously.

[0075] Whilst this illustrative embodiment is described
with reference to the i-MP procedure the described arrange-
ment may be applied to other medical procedures involving
an application device used with externally introduced sub-
stances which when used together facilitate the medical pro-
cedure.

[0076] Application device 10 includes a control system 90,
laser assembly 80, slit lamp adaptor (SLA) 30, display 117,
keyboard 116 and foot pedal 121. Laser assembly 80 is a laser
photocoagulator system which delivers controlled pulses of
continuous wave 805 nm wavelength laser. The laser assem-
bly 80 can deliver a maximum of 2.5 W of power which is
continuously monitored by redundant safety systems. As
illustrated in FIG. 1D, the laser console 10 includes a laser, a
laser power supply, an electronics control board, an electron-
ics power supply board, a control panel with display, keypad
and buttons, a control panel board and a microcontroller
board.

[0077] SLA 30 performs the function of delivering the laser
beam to the patient’s eye. It is an optical device including a
fibre optic cable, a Galileo type microscope and a mechanical
system which permits the device to be attached to a slit lamp
microscope. SLA 30 is positioned coaxially with the optical
path of the slit lamp microscope and allows the physician to
apply the laser whilst viewing the back of the patient’s eye
(retina).

[0078] In one arrangement control system 90, keyboard
116, display 121 and laser assembly 80 are integrated into the
same enclosure. Control system 90 is a microprocessor-based
electronic circuit which runs the operational software and is
responsible for controlling the operation ofthe laser assembly
80, aspects of the laser safety monitoring and interaction with
the user interface including keyboard 116, display 117, user
controls and foot pedal 121. Control system 90 also runs the
routines which control the delivery of the treatment proce-
dure. Control system 90 includes a microprocessor, memory,
software, power supplies and other related electronics.

[0079] FIG. 1D shows the laser console 10 in greater detail
and illustrates the system components included in the laser
assembly 80 and control system 90. The main laser power
supply 101 supplies the required current to produce the laser
beam. The main laser power controller 102 is a module that
controls the current to the main laser so that the output power
is equivalent to the desired power. The laser diode 103 is used
to generate the laser beam for the procedure. The wavelength
of the laser is 805 nm, which is in the infrared range and is
invisible to the human eye. The laser preferably has a toler-
ance of +/-3 nm. The laser produced by diode 103 passes

Description of the Laser Console
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through the main laser collimator lens set 104, which shapes
the laser beam so that the beam can be focused onto the
fibre-optic cable.

[0080] After the lens set 104, the beam passes through
beam splitter 105, which is a partially reflective mirror that
splits the laser beam, providing a percentage of the laser beam
to a photo sensor 112 that forms part of a safety system.

[0081] Thepart of the beam that is not diverted by the beam
splitter 105 reaches the aiming beam combiner 106, which is
a special mirror that combines the main laser beam from
diode 103 with an aiming laser beam received from laser
diode 113. The aiming laser beam has a visible beam (red)
that is used by the physician to aim the laser. In one arrange-
ment the aiming beam laser has a wavelength of 630 nm and
a maximum power of 1 mW. In contrast, the main beam has a
maximum power of 2.5 W.

[0082] After the aiming beam combiner 106, the combined
beam passes through a fibre coupler lens set 107 that focuses
the laser beam onto the fibre optic cable of the optical delivery
path.

[0083] Laser cavity 111 is a metal box which contains the
main laser diode 103, and the optical components 104, 105,
106 and 107 used to adjust the shape, focus and direction of
the laser. The aiming laser diode 113 may also be included in
the laser cavity. The optical delivery path 110 is connected to
an output nozzle of the laser cavity 111. The cavity 111 is
sealed to protect the optical system from dust and humidity.
At the output nozzle of the laser cavity 111, there is an
optically-coupled fibre lock sensor 108 that indicates to the
controller whether there is a fibre optic cable connected to the
laser console 10. A mechanical laser shutter 109 is connected
by a hinge to the laser console 10 to cover the output nozzle
when no delivery device is connected to the laser console 10.

[0084] Thelaser console 10 may be connected to an optical
delivery path 110 which includes a fibre optic cable used to
deliver the laser beam to the patient’s eye. Examples of opti-
cal delivery paths include an endo-ocular probe, a slit lamp
adaptor, a laser indirect opthalmoscope and a surgical micro-
scope adapter.

[0085] Some of the beam split by beam splitter 105 is
provided to the main laser safety photo-sensor 112, which is
a photodiode that reads the power level and provides an
electronic signal used to ensure safe laser operation.

[0086] Processor 114 controls the functioning of all the
laser equipment, and is in electronic communication with
most of the components of the laser console 10. In one
arrangement the processor 114 includes a microprocessor
from the 8032 family, flash memory, e2prom and a watchdog
unit. The processor 114 has access to data storage in which
parameters of the therapeutic procedure may be stored. A
buzzer 115 connected to the processor 114 is used to generate
alarms, beeps and other audible signals.

[0087] Keyboard 116 is used as an interface for the physi-
cian or operator to control the operating mode and parameters
of the treatment, and the alphanumeric display 117 is used as
an interface to show the treatment data and parameters to the
physician using the laser console 10. As described in more
detail with reference to FIGS. 2 to 13, the visual and audio
outputs of the laser unit 10 may be used to guide an operator
through the i-MP procedure.

[0088] A laser power knob 118 is preferably a rotary knob
allowing the physician to set the main laser power. The power
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knob includes an encoder from which output signals are read
and interpreted by the processor 114 and displayed to the
physician.

[0089] The pulse-duration-select dial button 119 is a rotary
knob allowing the physician to set the duration of a laser shot.
The button 119 includes an encoder from which output sig-
nals are read and interpreted by the processor 114 and dis-
played to the physician, for example, on display 117.

[0090] The pulse interval select dial button 120 is a rotary
knob which allows the physician to set the repeat interval.
Diode button 120 includes an encoder from which output
signals are read and interpreted by the processor board 114.

[0091] Foot switch 121 is used to fire the laser beam. The
foot pedal 121 is optically coupled to the laser console 10 to
provide electrical safety.

[0092] Interlock unit 122 is an optional device for addi-
tional laser safety. The interlock input 122 allows a switch to
be connected to the laser console 10 to disable the laser when
an external door is opened inadvertently. If the user chooses
not to use the remote interlock, then a by-pass connector must
be inserted into the interlock unit 122 to enable operation of
the laser.

[0093] The“autokey” connector 123 contains electrical cir-
cuitry used to provide information to the laser console 10 that
indicates what optical delivery path has been connected to the
laser console 10. Each optical delivery path 110 has different
transmission properties which affect the laser power that
reaches the patient’s eye 100. Information provided to the
laser console 10 via the autokey connector 123 enables the
console 10 to recognise the delivery device in use so that the
processor 114 can calculate a transmission factor to compen-
sate for the attenuation of laser power along the optical deliv-
ery path 110.

[0094] An electronic power supply 124 supplies the
required power to the circuits of the power controller 102 and
the processorboard 114. EMI/EMC line filter 125 is a module
that filters the electrical noise from the mains line to protect
the laser from malfunction and damage due to possible power
surges. Mains cable 126 connects the laser console 10 to an
electric outlet. Switch 127 is an on/off switch allowing the
user to turn the laser console 10 on or off.

[0095] Keyboard 116 includes a number of buttons for the
operation of application device 10 and adjustment of the
treatment parameters by an operator. The buttons include:

[0096] <Treat> Activates TREATMENT mode directly;

[0097] <MODE-> Used to select the instrument’s operat-
ing mode;

[0098] <SEL/YESs> Selects or accepts the displayed
option;

[0099] <INC> Increments the selected parameter;

[0100] <DEC> Decreases the selected parameters;

[0101] <CAN/NO> Cancels or declines the displayed
option, and ifpressed for some time, cancels the ongoing
process;

[0102] <emergency> Emergency button—aborts all
operations and places the device in emergency interrup-
tion mode.

[0103] <pedal> Foot pedal.

[0104] Selecting the Mode

[0105] Referring now to FIG. 2, there is shown a flowchart
diagram of the mode selection process 100 of the treatment
system. The treatment system has four modes of operation
including:
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[0106] AuTO-CALIBRATION mode 200: This mode is
selected to calibrate the output power of laser unit 10.
This calibration is necessary due to the precision
required for the i-MP procedure. Auto-calibration is
designed to compensate for any output power deviation
arising either from accumulation of dust on the mirrors
and lenses of the SLA 30, wearing out of the fibre optic,
misalignment or aging of the laser diode 103. The
adjustment range of the auto-calibration is 20% of the
factory calibration thereby preventing the accidental use
of the equipment out of the power tolerance specifica-
tion.

[0107] SET PARAMETER mode 300: This mode includes a
sequence of screens displayed on display 117 where the
user is prompted to adjust the fundamental parameters of
the treatment procedure including:

[0108] Lesion greatest linear dimension (GLD);
[0109] Patient’s weight;
[0110] Lens magnification; and
[0111] Pigment concentration.
[0112] UsER PREFERENCES mode 400: In this mode aux-

iliary parameters such as aiming beam intensity and
sound intensity of buzzer 115 are adjusted by the opera-
tor.

[0113] TREATMENT mode 500: Mode in which the treat-
ment laser 103 is applied to the patient using previously
selected parameters.

[0114] Mode selection is accomplished by the operator
pressing the <MODE> button repeatedly until the desired
mode is displayed on display 117. Once a mode is shown on
the display, pressing the <SEL/YES> button will commence
the associated sequence of steps to be performed for that
mode.

[0115] The procedures of FIGS. 2-12 are performed by
software running on processor 114. Prompts are displayed to
the operator on display 117 and the operator interacts with the
software by pressing a button on keyboard 116 or pressing
foot pedal 121. In some instances the operator is prompted to
perform an action, for example putting on safety goggles or
injecting the patient. The software procedure in general does
not proceed until the operator has confirmed (by pressing a
button on keyboard 116) that the action has been performed.
For ease of description, the following text does not mention
every point in the software where the operator is required to
confirm that he or she wishes to proceed to the next step.
[0116] Auto-Calibration

[0117] Referring now to FIG. 3, there is shown a flowchart
diagram of the steps involved in guiding an operator through
the auto-calibration of laser unit 10 with a particular optical
path in place. AUTO-CALIBRATION mode 200 is used to fine
tune the system’s power control and compensate for any
degradation and aging of the components. Dust on the mir-
rors, lenses and filters, micro-cracks in the fibre optical cable
or misalignment of the fibre optic coupling are the most
common causes of deviation of the output power of the laser.
Additionally, the laser diode also ages and although this is
somewhat compensated for by an internal closed-loop circuit
there may be laser degradation to an extent that cannot be
compensated by this circuit resulting in the requirement for
external adjustment.

[0118] Application devices such as laser unit 10 are also
governed by various standards which seek to ensure the safety
of medical equipment. These standards stipulate that the
power control must not exceed 20% of deviation. However, as
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the i-MP process is critically dependent on the irradiance of
laser assembly 80, more accurate control down to the 5%
level is required. The auto-calibration process involves the
use of a purpose-designed power meter 70, which is placed in
a position that corresponds to the location of the patient’s eye
100 to measure laser power. The auto-calibration procedure is
automatic, however the operator is required to position the
power meter, connect the power meter cable 71 to the input 11
of the laser console 10 and activate the auto-calibration rou-
tine. As shown in FIG. 3, thelaser console 10 prompts the user
to perform the necessary actions.

[0119] To select AUTO-CALIBRATION mode 200 the opera-
tor presses <MODE> button on keyboard 116 repeatedly until
display 117 shows the message:

[0120] <MODE> Auto-Calibration.

[0121] The operator then confirms that he or she wishes to
complete the auto-calibration procedure and is then prompted
210 to position the power meter or detector 70 at which point
the software running on processor 114 activates the aiming
laser diode 113 to assist in the positioning.

[0122] After the operator has confirmed (by pressing the
CAN/NO or SEL/YES buttons) that the detector 70 is posi-
tioned, the controlling software then prompts 220 the opera-
tor to wear his or her safety glasses before proceeding with the
auto-calibration procedure. The first part of the procedure
involves setting 230 a spot size to 1.5 mm. This is performed
manually by the operator turning the thumb wheel on the SLA
30 to the 1.5 mm position at which point the operator is
prompted 260 to either cancel the auto-calibration or press the
foot pedal 121 thereby activating the laser diode 103 which
will be fired for a period of time long enough to complete the
internal calibration performed by software running on pro-
cessor 114. The laser will be turned off and the user will then
be prompted 240 to adjust the spot size to 2.5 mm and repeat
the laser firing procedure. The software then prompts 250 the
operator to adjust the spot size to 4.3 mm and once again
activate the laser by pressing the foot pedal (prompt 260).
[0123] Depending on the results determined using the
power measured by the detector 70, the operator will be
informed of a successful calibration procedure or alterna-
tively in the event of failure be prompted to take remedial
action such as replacing the fibre 20 and/or cleaning the optics
at which stage the auto-calibration procedure can be repeated.
[0124] Theauto-calibration procedure is described in more
detail in co-pending application PCT/AU2006/000721 “A
laser calibration method and system” with an international
filing date 0of 29 May 2006, the contents of which are incor-
porated herein by cross-reference.

[0125] Setting Parameters

[0126] Referring now to FIGS. 4 to 6, there are shown
flowchart diagrams of the steps involved in completing the
setting of the necessary parameters required in the treatment
procedure for the application device 10. The parameters
include at least one dosage parameter, namely a quantity of
1CGto be injected into the patient, and at least one application
parameter such as the laser power to be used in the procedure.
SET PARAMETER mode 300 guides the operator in entering the
clinical parameters in order to determine the output power for
the laser. The power setting of the laser is calculated by
software running on processor 114 using the following equa-
tions:

P1=S7*Mag*K,,...*K,

*
pigl

P2=SZ*Mag*K oK,

*
pig?
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[0127] where:

[0128] SZ=spot size selected at the SLA 30,

[0129] Mag=magnification of the retina laser lens 60 (typi-
cally 1.5);

[0130] K,,.,=155.03875 W/mm? (Constant of Irradiance);

[0131] K, =pigment factor 1;
[0132] K,,.,=pigment factor 2;
[0133] Pl=output power in Watts for use in a first laser
application; and

[0134] P2=output power in Watts for use in a second laser
application.
[0135] Pigment factors 1 and 2 are based on an examination

of the pigmentation of the patient’s eye. In one arrangement
the following values are used:

TABLE 1

Pigment factors

Pigmentation K1 K
Low 1.015 1.015
Medium 1.000 1.015
High 1.000 1.015

[0136] In the case of medium and high pigmentation, the
power P2 used in the second laser application is higher than
the power P1 used in the first laser application,

[0137] The output power is recalculated when the first and
the second laser applications are started or when a fundamen-
tal parameter is changed. The output power is calculated by
software running on processor 114.

[0138] To select SET PARAMETER mode 300 the operator
presses the <MODE> button repeatedly until display 117
shows the message

[0139] <MODE> Parameter Adjustment

[0140] At this point the operator is presented with four
selectable alternatives which include:

[0141] Lesion greatest linear dimension (GLD) 310 (see
FIG. 4);
[0142] Patient’s weight 320 (see FIG. 5);
[0143] Retina laser lens magnification 330 (see FI1G. 5);
and
[0144] Pigment type 340 (see FIG. 6).
[0145] Theoperator may step between these alternatives by

pressing the INC and DEC buttons. The operator may then
vary each of these options according to patient characteris-
tics.

[0146] On selection of the lesion size mode 310 the opera-
tor is presented with three options to set the Lesion GLD. The
choice between these options is based on an examination of
the lesions in the patient’s eye 100. The first of these options
311 corresponds to a lesion size less than 1.5 mm in which
case the spot size (SZ) is to be set 312 to 1.5 mm. If this is
appropriate as determined by examination of the patient, the
operator is prompted 312 to turn the thumb wheel on SLA 30
to the appropriate spot size as indicated. The system will then
return to mode selection level 200.

[0147] Alternatively, an operator can instruct the system to
increase the lesion size parameter to be in the range 1.5 mm to
3.0 mm 313 in which case the spot size parameter stored in
memory is set to 2.5 mm and the operator is prompted 314 to
adjust the SLA 30 to a spot size of 2.5 mm. If the lesion size
is indicated 315 as being greater than 3.0 mm, the spot size is
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set to 43 mm and a displayed message prompts 316 the
operator to adjust the spot size at SLA 30.

[0148] Keyboard 116 allows the operator to move between
the various options for lesion size by using the <INC> or
<DEC> buttons as appropriate. Once the operator has
selected the appropriate lesion size and confirmed this by
pressing the SEL/YES button, the appropriate prompt 312,
314, 316 is displayed on display 117.

[0149] Another parameter of importance is the patient’s
weight as this will determine the amount of indocyanine
green (ICG) that will be required to be injected into the
patient. When prompt 320 is displayed, the operator has the
choice of entering the patient’s weight. After selection of
patient’s weight mode by pressing the SEL/YES button, the
operator may enter whether the patient’s weight is either
under 75 kg 321 or over 75 kg 323 by pressing the INC or
DEC buttons. If the patient’s weight is over 75 kg then the
operator is instructed (by prompt 322 displayed on display
117) to prepare 150 mg of ICG in two syringes of 3 ml each.
Alternatively if the patient’s weight is less than 75 kg then the
operator is instructed (by prompt 324) to prepare 100 mg of
1CG in two syringes of 2 ml each.

[0150] Once this has been completed, the operator returns
to the SET PARAMETER menu to confirm 330 the type of
contact lens 60 that is to be used. In the illustrated embodi-
ment only a single lens option is provided. Prompt 331 asks
the operator to confirm that a Mainster Wide Field 1.5 mm
lens is used. In other embodiments, the operator may be
presented with a potential choice of retinal laser lens types.
[0151] Thefinal parameter to be selected in the SET PARAM-
ETER mode is the pigment content of the eye that is to be
treated. When prompt 340 is displayed on display 117, the
operator is able to choose between a high pigment level 341,
normal pigment level 342 and low pigment level 343 as deter-
mined by examination of the patient. The operator may step
between prompts 341, 342 and 343 by pressing the INC
and/or DEC buttons. When the appropriate pigment level is
displayed on display 117, the operator selects the pigment
level by pressing the SEL/YES button. Once this has been
completed the process flow returns to the top level menu 200.
[0152] The parameters set inthe SET PARAMETER mode
are stored for use during the TREATMENT mode.

[0153] Setting User Preferences

[0154] Referring now to FIGS. 7 and 8, there is shown a
flowchart diagram of the steps involved in selecting features
of the application device 10 which may be varied to suit the
operator. In USER PREFERENCES mode 400, the operator can
select some auxiliary parameters such as volume of the
“beep” that is sounded by buzzer 115 and the intensity of the
aiming laser beam emitted by laser diode 113.

[0155] To select User PREFERENCES mode 400 the
<MODE> button is pressed repeatedly until display 117
shows the message

[0156] <MODE> User Preferences

[0157] Ifthe operator presses the MODE button again, the
display changes to the next mode (TREATMENT MODE).
Alternatively, if the operator enters the USER PREFER-
ENCES mode by pressing the SEL/YES button, the operator
is presented with a set of parameters to vary. The operator may
step between these parameters by pressing the INC and/or
DEC buttons onkeyboard 116. Prompt 410 enables the opera-
tor to adjust the sound intensity level. By pressing the INC or
DEC buttons, the sound intensity may be adjusted to a num-
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ber ranging between 4 and 9. Displayed message 411 indi-
cates the current setting of the sound intensity.

[0158] Similarly, as seen in FIG. 8, prompts 420 and 421
allow the operator to adjust the aiming beam intensity in a
range of 2 to 9. As described above, the aiming beam is a
visible laser of relatively low power output that is used to
position and aim the laser subsequently used in the therapeu-
tic procedure.

[0159] Treatment Mode

[0160] Once the various treatment parameters and user
preferences have been adjusted according to the specific
requirements of both the patient and the operator, the treat-
ment protocol may be commenced.

[0161] FIG. 13 provides an overview 900 of the treatment
protocol. More detail is shown in FIGS. 9 to 12. The treatment
protocol has a timing sequence. The control software
described herein guides the operator in executing the treat-
ment according to the timing sequence.

[0162] The procedure commences at 902. In step 904,
information 901 saved during the SET PARAMETER mode
is displayed on display 117 in order for the operator to check
that the parameters have been selected appropriately. Next, in
step 906, the operator injects a first syringe of ICG into the
patient. After waiting 1800 seconds (step 908), the operator
injects a second syringe of ICG into the patient (step 910).
Software running on processor 114 guides the operator
through steps 906-908 by providing prompts and instructions
at appropriate times during the procedure.

[0163] After both syringes of ICG have been injected, in
step 912 laser power P1 is applied to a treatment area in the
patient’s eye for 100 seconds. The operator applies the laser
power by pressing foot pedal 121. The power setpoint of the
laser is determined by software running on microprocessor
114 dependent on the information 901 entered in the SET
PARAMETER mode.

[0164] After the first laser application there is a further wait
of 1800 seconds (step 914). The control system 90 times the
wait and alerts the operator near the end of the wait. Then, in
step 916, laser power P2 is applied to the treatment area for
100 seconds. Information 901 entered in the SET PARAM-
ETER mode is used to calculate the required laser power P2.
[0165] The procedure is then complete and the controlling
software returns (step 918) to higher-level selection menus.
[0166] Referring now to FIGS. 9 to 12, there are shown
flowchart diagrams of the steps 500 involved in guiding the
operator through the ICG mediated photothrombosis proce-
dure employing as application device the laser unit 10.
[0167] Once the operator has confirmed (by pressing the
SEL/YES button in response to prompt 505) that a treatment
run is to commence, the system initially prompts the operator
to confirm that a number of important actions have been
performed before the treatment can commence. In this man-
ner, the system makes use of the various parameters that have
already been entered into the system to ensure that the correct
treatment protocol is being followed.

[0168] To select TREATMENT mode the <MODE> button is
pressed repeatedly until display 117 shows the message
[0169] <MODE> Treatment

[0170] Alternatively, TREATMENT mode 500 may be acti-
vated directly by pressing the <Treat> button on keyboard
116.

[0171] In TREATMENT mode 500, the operator is first asked
(by means of prompt 510 displayed on display 117) to con-
firm that an auto-calibration has been recently performed. In
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one arrangement the system requires that an auto-calibration
is performed at least once every 10 treatments. Next the
system confirms the weight of the patient and the amount of
ICG thatis to bedelivered. For example, prompt 520 indicates
that 2 syringes of 3 ml each are to be used, and asks the
operator to confirm this. The operator responds by pressing
the CAN/NO button or the SEL/YES button, as appropriate.
[0172] Following this, the selected lesion size is displayed
530 and the operator is prompted to confirm that the lesion
size agrees with the spot size selected on SLA 30. The system
then prompts 540 the operator to confirm which contact lens
60 is used. In the described example, a Mainster WF lens is
used as the contact lens 60. The system also prompts 550 the
operator to confirm that the pigment concentration parameter
is correctly set. Prompts 510, 520, 530, 540, 550 are part ofa
final safety check to ensure that the system is parameterised
correctly with regard to the patient to be treated.

[0173] The system next prompts 560 the operator to inject
the first dose of ICG into the patient’s blood circulation. After
the first syringe has been injected, the operator confirms the
injection by pressing the SEL/YES button. Alternatively, the
operator may halt the procedure by pressing the CAN/NO
button. If the injection is confirmed, software running on
processor 114 sets a count down timer to 1680 seconds. The
current value of the timer is displayed 610 on display 117. The
operator may cancel the timer by pressing the CAN/NO but-
ton.

[0174] When the timer has finished the count-down, the
controlling software resets the timer to 120 seconds and
causes the buzzer 115 to sound a continuous beep (step 615).
The system continues counting down and prompts 620 the
operator to put on safety glasses and confirm that this has been
done. If the operator presses the SEL/YES button to confirm
use of the safety glasses, processor 114 switches off the
buzzer 115 and switches on the aiming laser diode 113. A
prompt 640 is then displayed instructing the operator to place
lens 60 on the patient’s eye and confirm that this has been
done. Prompt 650 then instructs the operator to position the
aiming laser beam on the lesion and to confirm that this action
has been performed. The display 117 continues to display 660
the status of timer T1.

[0175] After the timer has completed the 120 second count-
down (during which time the operator has put on safety
glasses, positioned lens 60 and aimed the laser), the timer is
reset to 60 seconds (step 675). Prompt 670 is displayed
instructing the operator to inject the second syringe into the
patient. The operator is required to confirm, by pressing the
SEL/YES button, that the second syringe has been injected
into the patient. If this confirmation has not occurred within
60 seconds the treatment will automatically time out and
display 117 presents the message Treatment time-out 676.
[0176] The system then, in step 685, starts a 90 second
countdown timer. Screen display 680 displays the timer and
also the calculated power parameter P, the lens magnification
and the spot size. In the example shown, P=375 mW, L=1.5
and the spot sizeis 1.5 mm. When the timer reaches the last 30
seconds of the countdown period, 3 long beeps are sounded.
When the timer reaches the last 20 seconds, 2 long beeps are
sounded and at the last 10 seconds one long beep will be
emitted. At the last 5 seconds one beep is sounded at each
second. At the end of the 90 second period, the system dis-
plays a prompt 710 instructing the user to press the foot pedal
121. If the operator does not press the foot pedal within 60
seconds (set in step 705), the procedure times out and an error
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signal is displayed. The operator also has the option of can-
celing the procedure by pressing the CAN/NO button.
[0177] If the operator presses the foot pedal 121, a sound
signal is emitted by buzzer 115 and the main laser diode 103
is activated (step 720). At this stage, the patient is positioned
and the lens is in place. A 100 second countdown timer is
started in step 725. During the application of the main laser,
the power, lens magnification and spot size are displayed 730
and an indicator of delivered energy dosage is also displayed.
The display 730 also includes an indication that the first laser
application is underway.

[0178] The foot pedal 121 must be kept pressed. If the foot
pedal 121 is released the laser diode 103 and countdown are
paused (step 735). The countdown and laser treatment can be
resumed (step 736) by pressing foot pedal 121 again. In the
event of foot pedal 121 not being pressed for more than 30
seconds, the system will display the time-out message. The
operator may also cancel the procedure by pressing the CAN/
NO button.

[0179] At the end of the 100 second period, the controlling
software running on processor 114 deactivates the treatment
laser diode 103 and aiming laser diode 113 (step 740). A 1680
second countdown timer is then started in step 745. The
delivered energy (DE) dose indicator remains on display 750
whilst the laser assembly 80 is in standby mode. In the
example shown the delivered energy is 4205 J.

[0180] When the 1680 second countdown is complete, the
timer is reset to 120 seconds in step 765, providing an overall
delay of 1800 seconds. The buzzer 115 sounds a continuous
beep 760 to alert the operator. If the operator presses the
SEL/YES button, the processor 114 acts (in step 770) to turn
off the beep and turn on the aiming laser diode 113. The
operator is then prompted 775 again to place the lens 60 on the
eye100to be treated and to confirm that the lens 60 is in place.
The software displays prompt 780 to instruct the operator
once again to position the aiming laser on the treatment area
including the lesion. If the operator confirms that this has
been done (by pressing the SEL/YES button), then prompt
790 is displayed, prompting the operator to prepare for the
second laser application. If the operator presses the SEL/YES
button or the countdown timer reaches the end of the 120
seconds, the timer is reset to 60 seconds in step 816 and
prompt 810 is displayed instructing the operator to press the
foot pedal. The settings of power P, lens magnification and
spot size are also displayed.

[0181] If the operator does not press the foot pedal within
the 60 second window, then in step 815 the buzzer 115 sounds
an alert.

[0182] Once the foot pedal 121 is pressed the main laser
diode 103 is activated in step 820 and a countdown period of
100 seconds commences (step 830). An indicator of energy
dosage is displayed 840 along with power, lens magnification
and spot size and an indication that this is the second appli-
cation of the laser assembly 80. As described above, the
power P2 used in the second laser application may be higher
than the power P1 used in the previous laser application. The
relative strength of P1 and P2 is determined by the pigmen-
tation parameter K .
[0183] Thefootpedal 121 mustbekept pressed down. If the
foot pedal 121 is released the laser and countdown are paused
(step 845). These can be resumed (step 846) by pressing the
foot pedal 121 again. If the foot pedal 121 is not pressed for
more than 30 seconds, application device 10 will sound a
continuous beep until the foot pedal 121 is pressed again.
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[0184] At the end of the 100 second period, the treatment
laser diode 103 and aiming laser diode 113 are deactivated in
step 847. The delivered energy dose indicator remains on the
display 117 (step 850) and the operator is given the option to
return to the top level menu display 200. At various stages
throughout the procedure the treatment may be cancelled
explicitly by the operator or alternatively if a time out period
has been exceeded.

[0185] As would be apparent to those skilled in the art the
treatment or diagnostic procedures that are contemplated to
be within the scope of the present invention may equally be
applicable to humans or animals.

[0186] Although an illustrative embodiment of the present
invention has been described in the foregoing detailed
description, it will be understood that the invention is not
limited to the embodiment disclosed, but is capable of numer-
ous rearrangements, modifications and substitutions without
departing from the scope of the invention as set forth and
defined by the following claims. For example, WO
02/094260, the contents of which are incorporated herein by
cross-reference, describes a range of laser wavelengths from
700 to 900 nm (preferably 805 nm) and an exposure time from
40 to 150 seconds (preferably 100 seconds). The dosage of
1CG used may also vary, and different lenses may be placed in
the path of the laser beam.

[0187] Thecontrol system described above is implemented
by software running on a processor preferably included
within the laser unit 10. However, some or all of the software-
implemented tasks such as calculating the treatment param-
eters and displaying instructions to the operator may be run on
other computational devices, which may be in electronic
communication with one another and/or the laser unit. The
software instructions may be stored on a computer-readable
medium, for example floppy disks, magnetic tape, CD-ROM,
DVD, a hard disk drive, a magneto-optic disk, or a computer-
readable card such as a PCMCIA card and the like. A com-
puter-readable medium having software or a computer pro-
gram recorded on it is a computer program product. One or
more aspects of the described system may also be performed
in dedicated hardware, for example an application-specific
integrated circuit.

[0188] It is apparent from the above that the described
arrangements are applicable to the computer and data pro-
cessing industries and to the field of medical treatment.

1. A computer-implemented method of controlling a thera-
peutic procedure performed on a patient, the method com-
prising: determining at least one dosage parameter and at
least one application parameter of the therapeutic procedure
dependent on patient-related data; displaying one or more
prompts instructing an operator to introduce at least one
external substance into the patient in accordance with the at
least one dosage parameter; and presenting one or more
instructions to the operator to apply an output of an applica-
tion device to a treatment area of the patient in accordance
with the at least one application parameter.

2. A method according to claim 1 wherein the therapeutic
procedure has a timing sequence and wherein said displaying
and presenting steps display prompts and present instructions
according to the timing sequence.

3. A method according to claim 2 further comprising inter-
rupting the therapeutic procedure if at least one specified
action is not completed within a specified time.

4. A method according to claim 1 further comprising:
requesting the operator to enter the patient-related data.
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5. A method according to claim 1 further comprising:
adjusting at least one setting of the application device depen-
dent on the at least one application parameter, the output of
the application device being dependent on the at least one
setting.

6. A method according to claim 1 further comprising:
prompting the operator to operate the application device
according to a predetermined calibration procedure to cali-
brate the application device for the therapeutic procedure.

7. A method according to claim 1 further comprising: dis-
playing safety information related to the therapeutic proce-
dure, the safety information being displayed at one or more
predetermined stages of the therapeutic procedure.

8. A method according to claim 1 wherein the therapeutic
procedure is a procedure for treating age-related macular
degeneration.

9. A method according to claim 8 wherein the external
substance is indocyanine green (ICG) that is introduced into
the patient by injection.

10. A method according to claim 1 wherein the application
device is a laser.

11. A method according to claim 1 wherein the patient-
related data comprises at least one of: a weight of the patient;
amaximum dimension ofa lesion in an eye of the patient; and
a level of pigmentation in the eye of the patient.

12. A method according to claim 1 wherein the dosage
parameter is a quantity of the external substance to be intro-
duced into the patient.

13. A method according to claim 5 wherein the application
device is a laser and wherein said adjusting step adjusts a
power output of the laser.

14. A computer-implemented method of controlling a
therapeutic procedure performed on a patient, the method
comprising: determining, dependent on patient-related data, a
dosage of an external substance to be introduced into the
patient; calculating, dependent on the patient-related data, a
desired output of an application device to be applied to a
treatment area of the patient; displaying prompts instructing
an operator to introduce the external substance into the patient
in accordance with a timing schedule of the therapeutic pro-
cedure; and presenting instructions to the operator to apply
the output of the application device to the treatment area, the
instructions being presented according to the timing sched-
ule.

15. A computer-implemented method of controlling a pro-
cedure for treating macular degeneration in a patient’s eye,
the method comprising: receiving data relating to the patient;
determining a quantity of an external substance to be intro-
duced into the patient dependent on the received data; calcu-
lating a desired power output of a laser to be applied to a
treatment area in the patient’s eye; displaying prompts
instructing an operator to introduce the external substance
into the patient in a plurality of doses, wherein the prompts are
displayed according to a timing schedule; and presenting
instructions to the operator to apply the laser beam to the
treatment area in a plurality of applications, the instructions
being presented according to the timing schedule.

16. A system for controlling a therapeutic procedure per-
formed on a patient, the system comprising: means for deter-
mining at least one dosage parameter and at least one appli-
cation parameter of the therapeutic procedure dependent on
patient-related data; means for displaying one or more
prompts instructing an operator to introduce at least one
external substance into the patient in accordance with the at
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least one dosage parameter; and means for presenting one or
more instructions to the operator to apply an output of an
application device to a treatment area of the patient in accor-
dance with the at least one application parameter.

17. A system according to claim 16 wherein the therapeutic
procedure has a timing sequence, the system comprising:
timing means for causing the display of the prompts and the
presentation of the instructions according to the timing
sequence.

18. A system according to claim 16 further comprising the
application device.

19. A system according to claim 16 further comprising:
means for determining one or more calibration factors for the
application device.

20. A system for controlling a therapeutic procedure per-
formed on a patient, the system comprising: data storage for
storing patient-related information; a display for displaying
information to an operator; and a processor in communication
with the data storage and the display and arranged to: deter-
mine at least one dosage parameter and at least one applica-
tion parameter of the therapeutic procedure dependent on the
patient-related data; cause the display of one or more prompts
instructing an operator to introduce at least one external sub-
stance into the patient in accordance with the at least one
dosage parameter; and cause the display of one or more
instructions to the operator to apply an output of an applica-
tion device to a treatment area of the patient in accordance
with the at least one application parameter.

21. A system according to claim 20 wherein the therapeutic
procedure has a timing sequence and wherein said processor
is arranged to cause the display of the prompts and instruc-
tions according to the timing sequence.

22. A system according to claim 20 further comprising: an
audio output to provide audible signals relating to the timing
sequence.

23. A system according to claim 20 further comprising the
application device.

24. A system according to claim 23 further comprising a
meter to measure the output of the application device,
wherein the processor is arranged to calculate at least one
calibration factor dependent on the measured output.

25. A system according to claim 20 wherein the application
device is a laser.

26. A computer progtam product comprising machine-
readable program code recorded on a machine-readable
recording medium, for controlling the operation of a data
processing apparatus on which the program code executes to
perform a method of controlling a therapeutic procedure per-
formed on a patient, the method comprising: determining at
least one dosage parameter and at least one application
parameter of the therapeutic procedure dependent on patient-
related data; displaying one or more prompts instructing an
operator to introduce at least one external substance into the
patient in accordance with the at least one dosage parameter;
and presenting one or more instructions to the operator to
apply an output of an application device to a treatment area of
the patient in accordance with the at least one application
parameter.

27. A computer program product comprising machine-
readable program code recorded on a machine-readable
recording medium, for controlling the operation of a data
processing apparatus on which the program code executes to
perform a method of controlling a therapeutic procedure per-
formed on a patient, the method comprising: determining,
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dependent on patient-related data, a dosage of an external
substance to be introduced into the patient; calculating,
dependent on the patient-related data, a desired output of an
application device to be applied to a treatment area of the
patient; displaying prompts instructing an operator to intro-
duce the external substance into the patient in accordance
with a timing schedule of the therapeutic procedure; and
presenting instructions to the operator to apply the output of
the application device to the treatment area, the instructions
being presented according to the timing schedule.

28. A computer program comprising machine-readable
program code for controlling the operation of a data process-
ing apparatus on which the program code executes to perform
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amethod of controlling a therapeutic procedure performed on
a patient, the method comprising: determining at least one
dosage parameter and at least one application parameter of
the therapeutic procedure dependent on patient-related data;
displaying one or more prompts instructing an operator to
introduce at least one external substance into the patient in
accordance with the at least one dosage parameter; and pre-
senting one or more instructions to the operator to apply an
output of an application device to a treatment area of the
patient in accordance with the at least one application param-
eter.
29-31. (canceled)
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