INTERNATIONAL ISO
STANDARD 11979-9

First edition
2006-09-01

Ophthalmic implants — Intraocular
lenses —

Part 9:
Multifocal intraocular lenses

Implants ophtalmiques =Lentilles intraoculaires —

Partie 9: Lentilles intraoculaires multifocales

_— Reference number
= — ISO 11979-9:2006(E)

© ISO 2006


https://standardsiso.com/api/?name=5b86cf649de8485d110a22b937ea4b07

ISO 11979-9:2006(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

© 1S0 2006

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. +412274901 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © IS0 2006 — All rights reserved


https://standardsiso.com/api/?name=5b86cf649de8485d110a22b937ea4b07

ISO 11979-9:2006(E)

Contents Page
o] =NV o iv
1 T o - P 1
2 ____ Normative references e ———— 1
3 Terms and definitioNs.......ccccooi i nnmn e e e e s e e e SR A b e e s e s e 1
4 Physical requirements..........cccccciiiiriiiirrnrnrrsssssssssssssssssssssssssssssssssssssssssssssssssssssssssseenssnbgreneeenshesssssssssanans 2
4.1 LT 01T - | PSPPI S RPSRRR PR 2
4.2 Tolerances and diMENSIONS .........ccceeeiiiieeveeeeeeeesreeeeeeee e e s srersseessesssssssssssssssesdefabennnnnnnnnnnnnnchunmnmrernnnnnes 2
5 Optical requUIremMeNts...........cccccceiiiriiincccrecrrr s sssscrree e s s s s sssmnesessesssss e Teneeeessnssssnmnensensbesssnnnesenses 2
5.1 =Y 01T - PP FPR 2
5.2 [ 1o o £ Lo T 1= R, S SR S 2
5.3 IMaging qUAlity.......cccoeeiiiiiiii i N e 2
5.4 Additional optical characterization ... B e b e 3
6 Clinical investigation ... T S e mmnn e e s s 3
6.1 LT 0 T - P < Jo PP FP 3
6.2 Additional requirements for the clinical investigation plan.........ccccccoeeccccieriennncccccccceecb s 4
7 Information supplied by the manufacturer ...........0 ... e, 4
Annex A (normative) Optical characterization..........50 . e seere e e e mn e 6
Annex B (informative) Clinical investigation ...... i . .o ssssee e s s s hanss e e e e s sen e 8
Annex C (informative) Determination of sample sizes for the clinical investigation .................leccceeee. 16
(=1 0] [Te e T = o 172 FA, 20

© ISO 2006 — All rights reserved iii


https://standardsiso.com/api/?name=5b86cf649de8485d110a22b937ea4b07

ISO 11979-9:2006(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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mental, in_fiaison with 150, also take part in the work. 1SO collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart2.
hsk of technical committees is to prepare International Standards. Draft International Stand
the technical committees are circulated to the member bodies for voting. “Publication as

| Standard requires approval by at least 75 % of the member bodies casting'a vote.

drawn to the possibility that some of the elements of this document miay be the subject of p3
shall not be held responsible for identifying any or all such patent rights.

O was prepared by Technical Committee ISO/TC 172, Opticsfand photonics, Subcommittee S
optics and instruments.
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Optical properties and test methods
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Clinical investigations
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INTERNATIONAL STANDARD ISO 11979

-9:2006(E)

Ophthalmic implants — Intraocular lenses —

Part 9O:
Multifocal intraocular lenses

1 |Scope

Thig part of ISO 11979 is applicable to any intraocular lens whose optic provides)two or more| rotationally
synimetric powers and whose primary indication is the correction of aphakia with the added benégfit of useful
vision at more than one distance (e.g. far and near).

NOTE The term “near vision” as used in this part of ISO 11979 includes usgful'vision at a distance of claimed benefit;
e.g. |near and/or intermediate distances.

2 [Normative references

The| following referenced documents are indispensable~for the application of this document| For dated
references, only the edition cited applies. For undated references, the latest edition of the|referenced
docpment (including any amendments) applies.

ISO[11979-1, Ophthalmic implants — Intraocular lenses — Part 1: Vocabulary

ISO|111979-2, Ophthalmic implants — Inttaocular lenses — Part 2: Optical properties and test methods
ISO[11979-3, Ophthalmic implants'—Intraocular lenses — Part 3: Mechanical properties and test methods
ISO[11979-4, Ophthalmic implants — Intraocular lenses — Part 4: Labelling and information

ISO[11979-7, Ophthalmieiimplants — Intraocular lenses — Part 7: Clinical investigations

ISO[14155-1, Clinical investigation of medical devices for human subjects — Part 1. General requifements
ISO[14155-2¢_Clinical investigation of medical devices for human subjects — Part 2: Clinical ihvestigation
plans

ISO| 14971, Medical devices — Application of risk management to medical devices

3 Terms and definitions

For the purposes of this document, the terms and definitions given in I1ISO 11979-1, I1SO 14155-1 and

ISO

14155-2 apply.

© I1SO 2006 — All rights reserved
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4 Physical requirements

4.1 General

This clause is applicable to the physical properties of multifocal intraocular lenses (MIOLs) in the assembled
or final form, as intended for implantation in the human eye.

4.2 Tolerances and dimensions

For tolerances and dimensions, the requirements of ISO 11979-3 apply, together with the following additional
requirement that the manufacturer shall establish tolerances with respect to the optical design.

5 Optical requirements

5.1 General

This clause
as intended

is applicable to the optical properties and performance requirements oft MIOLs in their final f
for implantation in the human eye.

prm,

5.2 Dioptric power

For dioptric|power, ISO 11979-2 applies to the far power of an MIOL and'to any distinct near power(s).

Two alterngtive methods for the determination of dioptric power;, given in 1ISO 11979-2, can be applied to
MIOLs. For|each near image plane, these methods are modified\as follows:

sed
nt is
ack

for the
on the
determ
vertex

determination of dioptric power from measurédéback focal length, once the microscope is focu
far image plane and the distance from the back vertex of the MIOL to the distant focal poi
ned, focus the microscope on the near‘image plane and determine the distance from the |
pf the MIOL to the near focal point;

a)

1 on
B on

b) for the
the far

the nea

determination of dioptric power from measured magnification, once the microscope is focuse
image plane and the linear dimension, himage, in the image is determined, focus the microscop
in the image.

rimage plane and determinejthe linear dimension, 4 age;

Depending
cases, the
with power

If the focus

on the MIOL optic design the correction formulas given in ISO 11979-2 could be invalid. In s
manufacturer shall*derive and justify corrections that result in dioptric powers that are consis
abelling of monefocal I0Ls.

ing conditions of ISO 11979-2 are not appropriate for the particular design, another focu

uch
tent

sing

condition shall be developed with justification.

5.3 Imagiing quality

The imaging quality shall be evaluated for the far power and any claimed near power(s) or power range. The
imaging quality specifications apply in all meridians.

For designs that have no distinct near power, a specification describing the through-focus response
performance shall be developed.

The manufacturer shall demonstrate that all available powers meet the imaging quality specifications.

The imaging quality of a MIOL shall be evaluated by modulation transfer function (MTF) testing in the eye
model described in ISO 11979-2 with the following additions:

© I1SO 2006 — All rights reserved
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ISO 11979-2 is modified such that best focus for the power under evaluation is obtained by maximizing the
MTF at 50 cycles/mm with a (3 + 0,25) mm aperture. Using that focus, record the MTF values at the following

conditions:

a) small aperture (2 mm to 3 mm), 25 cycles/mm and 100 cycles/mm, for the far power;

b) small aperture (2 mm to 3 mm), 25 cycles/mm and 100 cycles/mm, for the near power(s) or power range;
c) large aperture (4 mm to 5 mm), 25 cycles/mm and 50 cycles/mm, for the far power.

The_converging beam from the model cornea described in ISO 11979-2 exposes a central diameter of the
MIQL (£ 0,1 mm) to, interchangeably, either the small or the large aperture that is chosen to bes

MT

In o
be

performance.

der to best control the MTF performance of the MIOL, the small and large apertures.used for
hosen and defined for the lens model over the range of apertures provided above with a {

control the

esting shall
olerance of

+ 0,5 mm. The manufacturer shall have the option of setting the minimum MTF(Specification based on the

are
freq

The)
be

NOT
mea

NOT
the

NOT
focu

5.4

5.4.

Tes

5.4.

For

6

under the curve between the two spatial frequencies or on the MTF value-for each indivi
uency.

minimum MTF specification shall be set such that it results in acceptable visual outcome, ver|
erified, by clinical data.

E1 The minimum MTF specification is typically set as the mear value minus an acceptable level of d
n value minus two standard deviations.

E 2  The apertures above represent the exposed diameter,of the test MIOL and can differ from the ap
ptical bench.

E 3 It can be necessary to have a different imaging quality specification for each combination of test
S.

Additional optical characterization

1 Optical design

ks that shall be performed-to-eharacterize the MIOL optical design are described in Annex A.

R Spectral transmittance

spectral transmittance, ISO 11979-2 applies.

Clinical investigation

dual spatial

fiable, or to

eviation, e.g.

erture stop of

aperture and

6.1

L_General

If clinical evaluation, in accordance with 1SO 14155-1, together with risk assessment, in accordance with
ISO 14971, identifies the need for a clinical investigation, the requirements of ISO 14155-1, ISO 14155-2 and

ISO

11979-7 apply, with additional requirements given in 6.2.

NOTE Considerations for the risk analysis regarding modifications to one or more existing designs
ISO/TR 22979 [],

© I1SO 2006 — All rights reserved
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6.2 Additional requirements for the clinical investigation plan

The requirements for the clinical investigation plan of ISO 11979-7 apply. In addition to the study variables
given in ISO 11979-7, the following shall be considered:

near visual acuity (VA), with best distance correction;
uncorrected near VA;

uncorrected distance VA;

a)
b)
c)
d) quality
e) defocu
f)  fundus
g) contras
h) functio
NOTE 1 |
NOTE 2 |
7 Inforn
The requirg
following adg
a) asumr
b) a grap
conditi
accom
in a stg
increag
c)

The generg
EN 1041 [2
are used, th

a graph of the spectral transmittance through the MIOL in the range of 300 nm to 1 100 nm.

of vision survey;

5 evaluation;

visualization;

t sensitivity;

nal performance.

hformation regarding a design of the clinical investigation can be found in Anhex B.

hformation regarding determination of sample sizes for the clinical inyestigation is provided in Annex C.

hation supplied by the manufacturer

ments for the information supplied by the manufacturer given in ISO 11979-4 apply, with
ditional information that shall be made available to the user:

hary of the results of the clinical investigation, if any;

h of the MTF through focus respohse performance of the MIOL in the model eye, using
bns described in Annex A of this_part of ISO 11979 (see example in Figure 1); informative text s
pbany the figure explaining thatthe MTF values in the graph describe the MIOL optical performa
ndardized model eye at 50;¢ycles/mm as the focus is gradually shifted from that of a far obje
ingly nearer objects and that higher numbers indicate better performance;

I requirements~for information provided by the manufacturer with medical devices specifie
should beconsidered. Symbols can be used instead of text, where appropriate. When sym
e requirenvents of 1ISO 15223 [3] and EN 980 [l should be considered.

—

he

the
hall
nce
Ct to

d in
bols
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defocus (dioptres)

modulation ratio at 50 cycles/mm
far object

hear object

3 mm pupil size
P mm pupil size
4,5 mm pupil size

Figure 1 — Example of MTF through focus response for multiple pupil sizes
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Annex A
(normative)

Optical characterization

A.1 Theoretical evaluation

Make a thepretical evaluation of, or measure, the percentage of light energy going to the images producegd by
the far powgr and by each near power (or power range) as a function of aperture from 2,0 mm te"4,5 min at
maximum intervals of 0,5 mm, for the cases when the lens is centred, decentred 0,5 mm, and.'decentred
1,0 mm. When determining the percentage of light energy going to each of the images; ‘include |any
unrefracted|light, and any other light that does not usefully contribute to the intended imagde, in the total |ight

energy. Report the results in the form of separate graphs for each case.

A.2 Optical testing

This testing| will confirm that the actual performance of the lens is similar to-itS theoretical performance.

Use ten regresentative samples each of low, medium and high power manufactured MIOLs for testing in the

model eye dlefined in ISO 11979-2 with the following additions.

a)

b)

Modulgtion transfer function (MTF) testing:

Generdte MTF through-frequency curves at different(@pertures for the images formed by the far pqwer
and by|each near power (or power range) with the lens on-axis, decentred 1,0 mm, and tilted 5°. Do|this
for apegrture sizes 2 mm, 3 mm, and 4,5 mm %+0,25 mm) at the position of the lens. Focus to give
maximyum modulation ratio for 50 cycles/mmv\in each case. Report the results in the form of graphs,
averagjng MTF on-axis curves for each pewer tested.

For this MTF testing, ten representative samples each of low, medium and high power manufactired
MIOLs|are used for the on-axis (condition. Each MIOL with the median performance for the on-axis
conditipn from the low, medium @nd high power groups are used for the subsequent decentred and tjited
conditipns. Therefore, a totalof 30 lenses (10 low, 10 medium, and 10 high power) are used for the| on-
axis cdndition, and a total (ofy 3 lenses (1 low, 1 medium, and 1 high power) are used for the decentred
and tilted conditions.

In eacH| case, the performance should be compared to that of a similar monofocal lens.

MTF through-foeus-response testing:

Genergte"the MTF through-focus-response of the MIOL at 50 cycles/mm with 2 mm, 3 mm, |and
4,5 mm+0.25 mm apertures Focus to maximum MTFE at 50 cycles/mm for an object at infinity and then
measure MTF at positions in image space that correspond with increasingly closer object distances down
to that corresponding with 20 cm.

Recovery of properties following simulated surgical manipulation:

The testing in this clause applies only to lenses for which the optic is intended to be folded or compressed
during implantation. ISO 11979-3 applies with the following additions.

To evaluate the combined effects of haptic compression and folding and/or injection, as applicable, first
simulate implantation using the maximum recommended time for the MIOL to be held in the folder/injector,
and then place the lens in a holder that constrains the haptics to 10 mm diameter (for posterior chamber
MIOLs) or the minimum expected constrained diameter (for anterior chamber MIOLSs).

© I1SO 2006 — All rights reserved
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Immerse the lens in its holder in aqueous at 35 °C for a minimum of 24 h. Then, while maintaining the
constraint, place the lens in the model eye. Thereafter focus to maximum MTF at 50 cycles/mm and
measure through-frequency MTF. Do this for apertures of 3 mm and 4,5 mm at the positions of the lens.

Report the results in the form of a graph averaging the through frequency MTF of the lenses measured.
The maximum recommended time for the MIOL to be held in the folder/injector is stated in the report.

© I1SO 2006 — All rights reserved 7
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Annex B
(informative)

Clinical investigation

B.1 Objectives

The objecti
recommend
the optical
than or equ

the study rate minus the control rate is less than the minimally detectable difference between the two re

Annex C of

ves of the clinical investigation are to determine the safety and performance of the MIOL:

al to the minimally detectable difference between the two rates. The alternative hypothesis is

this part of ISO 11979 contains statistical recommendations for determination_of the sample

to test this fiypothesis.

B.2 Desi
The type o
variables th
in 1ISO 1197

A study du
rate related

B.3 Subj

B.3.1 Stu

Approximat
300 study s

Since many

gn

at are common to ISO 11979-7 are compared to the safety.and performance endpoints descr
9-7.

to the optical properties of the MIOL.

lects

dy group

bly 420 study subjects are enrolled in the study, in order to obtain complete follow-up on at |
ubjects.

of the clinical evaluations for study subjects are performed binocularly, a minimum of 150 s

subjects ar¢ implanted bilaterally with the study device.

B.3.2 Con

Approximat
150 control

trol group

bly 210-control subjects are enrolled in the study, in order to obtain complete follow-up on at |

ed primary safety endpoint is the evaluation of the secondary surgical reintervention rate ‘relate
properties of the MIOL. The null hypothesis is that the study rate minus the control rate”is gre

clinical investigation recommended is an unmasked, contfolled, comparative study. The sz

ation of one year is recommended to adequately“evaluate the secondary surgical reinterver

The
dto
ater
that
tes.
Size

fety
bed

tion

past

udy

bast

subjects. Control subjects receive monofocal IOLs. The monofocal IOL is identified in the cli

investigatio

h nlan (Cl1P)
1 A 7

rrical

All the control subjects are implanted bilaterally with the control device.

B.3.3 Incl

B3.31 G

usion and exclusion criteria

eneral

Use the same inclusion and exclusion criteria for study and control subjects normally applied for investigations
of intraocular lenses. In addition, consider the criteria given in B.3.3.2 and B.3.3.3.
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3.2 Inclusion criteria

Include subjects with clear intraocular media other than cataract.

B.3.

3.3 Exclusion criteria

Exclude the following subjects:

a) subjects with ocular disorders, other than cataract, that could potentially cause future acuity losses to a
level of 0,66 or worse in either eye;

b) |subjects who are expected to require retinal laser treatment;

c) |greater than one dioptre of pre-operative corneal astigmatism;

d) |inability to achieve secure lens placement in the designated location.

B.3[4 Enrolment of subjects

To minimize the risks associated with the clinical investigation, subject enrolment should occur in stages. The

datg from each stage are evaluated and found acceptable by the spensor and the principal inyestigator(s)

priof to proceeding to the next stage.

Thel following phased enrolment plan is recommended:

a) |Phasel: 10 subjects, followed for 30 days to 60 days (Form 3);

b) [Phase ll: 75 additional subjects, followed for 120 days to 180 days (Form 4);

c) |Phase lll: remainder of subjects.

NOTE 1 Previous clinical experience, i.e. well<documented results from clinical studies, can be used to|justify faster

enrdiment.

NOTE 2  In cases where the MIOL design depends upon bilateral implantation, and if the monofocal analog of the MIOL

has previously been demonstrated-te fiave performed adequately, bilateral implantation of the MIOL can begip in the initial

phase of the study.

B.4 Variables totbe investigated

B.41 General

Table B,f-contains a recommended examination schedule, including clinical evaluations to be|performed,

numbetof study and control subjects to be tested, whether the clinical evaluation is done monocularly or

bingcularly, and at which visit the clinical evaluation is performed. For reporting periods. see 1ISO 11979-7.

In addition to the variables in 1ISO 11979-7, the following variables are evaluated on all study and control

subjects:

a) near visual acuity;

b) pupil size;

c) subject survey.

© I1SO 2006 — All rights reserved
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The following evaluations are done on a smaller sample of best-case study and control subjects (see

Table B.1 a

fundus

nd Annex C of this part of ISO 11979 for recommended sample sizes):

defocus curves,

visualization,

contrast sensitivity, and

functional performance.

B.4.2 Vistal acuity

B.4.2.1

Best spect
correction (
uncorrected
ISO 119794

Distance ar

procedures
with scoring

B.4.22 L
Use a char
Use a char

testing cent
the subject’

B.4.2.3 (C

Near visual
distance an

Near visual

For testing
charts are 3

For distanc
chart to op

eneral

hcle corrected distance visual acuity (photopic illumination), near visual acuity with diste

bhotopic and mesopic illumination), uncorrected distance visual acuity (photopic’illumination),
near visual acuity (photopic illumination) are measured. The visual acuity method reference

7 (i.e. Snellen) is not recommended. Rather, ETDRS is the preferred method.

d near visual acuity charts, chart illumination, ambient illumination;ytesting distances and tes

are standardized for all investigators. The design of the visual deuity chart and testing proced
method are described by Ferris [3].

Liminance
luminance of about 85 cd/m?2 (80 cd/m? to 160 cd/m?2 acceptable range) for photopic conditi

res. Ambient illumination is kept from dim to dark. No surface (including reflective surfaces) w
5 field of view is to exceed the chart backgreund luminance.

hart distance

acuity with distance correctiontand uncorrected near visual acuity is tested with the chart at a f
d at the best distance (which-isrecorded).

acuity charts should have the angular sizes of the optotypes calibrated for the distance used.

at a fixed distancéxthe chart distance is precisely defined, i.e. no head movements relative tg
llowed.

b visual acuity testing, the best correction to the chart distance should be used after adjusting
tical infinity (e.g. + 0,25 D for a 4 m chart). When determining the best distance refraction

treatment, lowever, the refraction should be adjusted to the refractive correction at infinity (e.g. —0,25 D f

4 m chartd

stanpce) if the chart is not at optical infinity.

nce
and
d in

ting
ires

pNS.

t luminance of about 3 cd/m?2 for mesopic conditions. Try to achieve the same luminance 4t all

thin

xed

the

the
for
or a

B.4.24 D
Record all:
a) testing

b)

c)

10

ata recording procedures

distances;

refractive corrections;

measured visual acuities in MAR notation, or other notation convertible to MAR.
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B.4.3 Pupil size

Photopic and mesopic pupil diameters are recorded with an accuracy of at least + 0,5 mm. For the photopic
pupil diameters, eye illumination is identical to that used for photopic visual acuity testing. For the mesopic
pupil diameters, eye illumination is identical to that used for mesopic contrast sensitivity testing.

It is recommended that pupil measurements be made with an infrared camera or light amplification equipment
to increase precision and reliability, to avoid shielding the pupil from light, and to provide good pupil visibility
with dark irises. Pupil measurements are made only after the eye has had time to fully adapt to the testing

con

B.4|.4 Subject survey

ditions (approximately 10 min).

Conduct a survey of all subjects to determine their impressions of the quality of their vision. In|the survey,

perform the following tasks.

a) |Ask the subjects to describe the quality of their vision at near and distance,in’indoor, outdogr (daylight)
and night/dark situations. Ask how the vision compares to the vision of their other eye if thejr other eye
has a natural or monofocal lens.

b) |Ask the subjects to state whether or not they have observed flare/glare, halo, near or distance distortion,
near or distance blurring, diplopia (specify whether monocular*or binocular complaint), pight vision
problems, or colour disturbances. Ask the subjects to describe the conditions under |which they
experience any problem.

c) |Ask the subjects whether, if given the opportunity, theyswould again elect to be implanted with the same

At the time of this revision, Javitt et al. [6] is the onlyspublished questionnaire that has been validatg

intraocular lens.

d for use in

MIJL investigations. A validated questionnaire,\such as Vitale et al.[’l can also be used, with questions
spegifically relating to MIOL issues written in the same format added to the questionnaire.

Thel| study subjects’ results of the questioAnaire are stratified by the other eye status (untreated, implanted
withl same MIOL, treated with monofocal IOL, etc.).

B.45 Fundus visualization

Ask| all investigators to rate the clarity of the retinal image through eyes with multifocal intraogular lenses
conpared to their previous monofocal IOL experience. Investigators should evaluate whether| the retinal
imape has adequate.clarity for diagnosis and treatment of potential vitreal/retinal disorders.

B.46 Defocus evaluation

The] purpose of the defocus evaluation is to compare binocular clinical performance to the thegretical lens
des|gn. This testing is performed under photopic conditions.

a)

b)

c)

The number of subjects should be at least ten bilaterally-implanted study subjects and ten bilaterally-
implanted control subjects for each of the following pupil size groups: small (<2,5mm), medium
(>2,5mm and <4,0 mm) and large (> 4,0 mm). If ten subjects are not available in any pupil size
category, then the maximum number available is used. Only include subjects when both of their pupils fall

in a single size range.

A binocular defocus evaluation that measures visual acuity is obtained by using the best corrected

distance refraction and then defocusing the image in 0,5 D increments to -5 D.

Three best-fit defocus curves are generated, at small, medium and large pupil sizes. The be
are determined from the mean visual acuity of the study group at each defocus level.

© I1SO 2006 — All rights reserved
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B.4.7 Far

contrast sensitivity

Measure sinusoidal grating contrast sensitivity at far. For this purpose, gratings produced on either charts or
monitors can be used, provided that they are validated. Use the same test system at all sites.

The sine-wave gratings are accurately produced on a chart (reflective or transmissive) or a high-resolution

monitor.

NOTE Methods to minimize high-frequency artefacts that could affect the data are to blur the outer edges of the
grating and to surround all edges by a uniform field equal to the grating in space-averaged luminance. Further information
about the effects of sharp edges on gratings are provided in Thorn (8],
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ect practice the test once at photopic conditions for all spatial frequencies.

performed twice for each subject at each test condition (lighting and spatial frequency).
easures are then averaged to obtain a single measure for each subject at each testycondition.

esults as graphs of contrast sensitivity against spatial frequency.

S

mber of subjects to be tested is determined as described in Annex C. All subjects should be
in the CIP a description of how subjects are selected for, the contrast sensitivity evaluation.
e, testing sequentially enrolled subjects that meet thecbest case criteria is one way to minir
the test results by pupil size on each 0,5 mm.

) conditions

rdize photopic and mesopic light levels, ambient illumination, chart luminance and glare so
nce across all investigators and siteés. Testing is conducted at the same photopic and mes

t sensitivity, the photopic and.mesopic contrast sensitivity testing is performed in the presence
burce.

Lidies to validate the proposed testing conditions are recommended. The minimum level of gla
ount necessary to_significantly reduce the contrast sensitivity of young adults with normal corr
rmal vision, but.not’so great as to completely wash out the target in these young, normal adult
ilot study of normal adults may be necessary to determine appropriate glare levels. The redud
rast sensitivity due to glare in normal adults should be a loss of about 0,10 log unit
s/degreel Subjects in this pilot study that show an increase in contrast sensitivity performg
be excluded from the analysis.
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If the maximum glare produced with the test equipment does not result in 0,10 log unit contrast sensifjivity

loss at 6 cycles/degree under photopic conditions, then the maximum glare that the equipment can
produce should be used as the photopic glare level.

c) Spatial

frequencies

Measure contrast sensitivity under mesopic conditions at spatial frequencies as close as possible to
1,5 cycles/degree, 3 cycles/degree, 6 cycles/degree, and 12 cycles/degree. Under photopic conditions,
measure contrast sensitivity at spatial frequencies as close as possible to 3 cycles/deg

6 cycle

12

s/degree, 12 cycles/degree and 18 cycles/degree.

ree,
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d) Indeterminate data
Use the instructions for the test system chosen to clarify in the CIP how indeterminate data are treated in
the analysis. It should be confirmed that the percentage of subjects with indeterminate data is consistent
with the equipment manufacturer’s population norms at the photopic and mesopic conditions.
B.4.8 Functional performance
B.4.8.1 General
Therpurpose of a furctiomat performmance testisto determinme whetter thereis—asignificant differenice between
the ptudy and control groups.
An gxample of such a test is a driving study assessing visual performance while driving under low visibility
envlronmental conditions such as inclement weather, night driving, and headlight. glare conditions. The
subparts in this section provide information for a driving study example.
B.4]8.2 Subjects
Thel| study group subjects are bilaterally implanted with the MIOL. The, Centrol group subjects are bilaterally
implanted with the monofocal IOL.

Stugly and control groups are best-case subjects, having similar age, gender, and driving

deni
resy

Incl
Dat

B.4

The)
are
lum

ographics. Contrast sensitivity testing is performed on, all subjects and potential corre
onse parameters are assessed.

Ide enough subjects to statistically detect performance differences between study and con
h for the variability estimates are obtained from published sources or from a preliminary validati

8.3 Study design

study is designed to portray relevant_visual aspects of the driving conditions. Two types of
included in the protocol: recognition of traffic signs and detection of road hazards. In both
nance, contrast and angular ‘size of ftraffic signs and road hazards are replicated,

repriesentative and realistic examples of typical road signs and hazards.

The)
and
eac
trial
be

The]
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trol groups.
on study.

visual tasks
cases, the
simulating

response measures for sign recognition and hazard detection include the recognition/detec
percentage of correct.responses. To reduce variability, response reaction times should be

5 of signs of the"same lettering height with different information and multiple trials of hazards
erformed to reduce variability.

environmental conditions include clear roadway lighting, reduced visibility (e.g. fog or
jensation), and glare from approaching headlights. The lighting replicates night time drivi
Hlights' only in a rural environment and/or a combination of headlight and streetlights in a city e

n distance,

ti
nIeasured for
n subject, and used\te’compensate for the response delays in the detection and recognition data. Multiple

should also

windshield
ng such as
nvironment.

If us

ing’a projection system, the signs presented in the simulation should be illuminated

The testing for the driving study is performed at the Form 4 timeframe, or thereafter, counted from the time of
implantation of the second eye.

B.4.

B.4.

8.4 Apparatus validation

8.4.1 Simulation validation

Devise a set of tests to demonstrate that the visual resolution, contrast and luminance of the simulation
projections are sufficient to allow for sign recognition and hazard detection at simulated distances similar to

real-

world signs / objects in the real-world environments.
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Pilot study of subjects in validated simulator

Using elements of the simulation study design, conduct a pilot study to obtain baseline measures of variability
that are used to estimate the minimum numbers of subjects needed for the control and test groups of the main

study.

B.5 Data

analyses

B.5.1 General

An account
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of the primary safety and performance endpoints by demographic variables (e.g.-age€, gen
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f necessary.

assumes one near power for the MIOL. If multiple powers are included in the study, additi
ns are necessary. For example, the optimum distance associated with each power is provide
e following analyses in addition to those in ISO 11979-7:

br capsulotomy rate by post-operative visit;

5 of visual acuity and adverse events for lost to follow-up subjects.

of patients lost to follow-up should be explored as comprehensively as possible. If methods o
blating the results of a lost to follow-up subject’s clinical results to the final post-operative visit
isit carried forward), detailed-explanations of the procedures employed for dealing with mis|

be described and the potential implications of such analyses on the overall study outco
rovided.
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hould\provide analyses wherever possible to determine if the detection and recognition distar
by their studies are adequate for safe and effective vehicle control.
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Table B.1 — Recommended postoperative examination schedule

Study lllumin- Number Number Testing Pre- Form | Form | Form | Form | Form | Form
ation of study of control | performed? | operative 0 1 2 3 4 5
subjects subjects
Best spectacle Photopic 300 150 Monocularly X X X X
corrected distance )
visual acuity Binocularly X X
Near visual acuity | Photopic 300 150 Monocularly X X X
with distance and )
correction mesopic Binocularly X
Uncorrected Photopic 300 150 Monocularly X X X X
distance )
isual acuity Binocularly X X
Uncorrected Photopic 300 150 Monocularly X X X
negr visual acuity )
Binocularly X
Pupil size Photopic 300 150 Monocularly xb
and
mesopic
LerJs decentration N/A 300 150 Monocularly X X X
and tilt
Stibject survey N/A All available | All available | Binocularly X X
bilaterally bilaterally
implanted implanted
Fundus N/A 300 None Monocularty X
isualization
Jub-studies
Defocus Photopic 30¢ 30¢ Binocularly X
evaluation
Far contrast Photopic Open® Open® Binocularly X xf
sensitivityd with glare
Mesopic xf
Mesopic xf
with glare
Functional Open® Open® Binocularly X
ferformance

a

prim

b

Cc
in sg
d

pupi

e

f

The testing is to be performed’monocularly or binocularly as specified. If the testing is monocular, the first eye implanted should bej
bry analysis. Binocular tésting is performed on the study group subjects who are implanted bilaterally with the MIOL and on the contro
who fare implanted bilaterally with the control IOL.

Preoperative pupil.size only needs to be measured if needed to meet an inclusion or exclusion criterion for designs that are pupil-size g

Subjects in\the/defocus study should come from the three pupil size categories defined in this International Standard. If ten subjects dre not available
Ime pupil.size categories, then the maximum number available is used.

For each of the test conditions, the pupil sizes of the study and control subjects in the far contrast sensitivity sub-study should be reprg
sizes associated with the subjects enrolled in the clinical investigation.

reported in the
group subjects

ependent.

sentative of the

A recommended sample size is not defined and is determined by the sponsor. Annex C provides considerations for determination of the sample size.

The testing is repeated at the Form 5 visit for those subjects in the contrast sensitivity study that had a posterior capsulotomy after the Form 4 visit. If
the patient is scheduled for a posterior capsulotomy during the Form 4 visit, contrast sensitivity testing is deferred to the Form 5 visit.
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Annex C
(informative)

Determination of sample sizes for the clinical investigation

C.1 Symbols

The followinpg symbols are defined here for use within this annex.
a) Confidénce interval parameters:

1-a confidence interval level

1-p power

1) non-inferiority margin, assumed to be positive
De control proportion

Dt test proportion

z1_, | standard normal quantile for confidence level

Z1_p standard normal quantile for power (coverage'probability)
Lig lower confidence limit, i.e. lower limit of the confidence interval

b) Norma| distribution statistics and parameters:

U population mean

o population standard deyiation
n sample size

X sample mean

c) Hypothesis testing parameters:

a TFype 1 error rate for the hypothesis

£ Type 2 error rate for the hypothesis

C.2 Sample size guidance for safety and performance evaluation

The sample size should be adequate to evaluate the primary endpoint selected based on the risk analysis.
The recommended primary safety endpoint is the evaluation of the secondary surgical re-intervention rate
related to the optical properties of the MIOL. Since the rate of this adverse event in the control population is
expected to be low (about 0,1%), sample sizes of at least 300 study subjects (300 first implanted eyes) and
150 prospective control subjects are anticipated to allow adequate precision (minimal detectable difference
equal to 1,4 %.)
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