TECHNICAL ISO/TR
REPORT 22979

Second edition
2017-05

Ophthalmic implants — Intraocular
lenses — Guidance on assessment of
the need for clinical investigation of
intraocular lens design modifications

Implants ophtalmiques — Léuntilles intraoculaires — Direct{ves
relatives a lI'évaluation dela nécessité d’investigation cliniqye pour les
modifications de conception des lentilles intraoculaires

Reference number
ISO/TR 22979:2017(E)

©1S0 2017


https://standardsiso.com/api/?name=84c077a3779272cb87db22fde17c8dbd

ISO/TR 22979:2017(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2017, Published in Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of
the requester.

ISO copyright office

Ch. de Blandonnet 8 « CP 401
CH-1214 Vernier, Geneva, Switzerland
Tel. +41 22 749 01 11

Fax +41 22 749 09 47
copyright@iso.org

www.iso.org

ii © ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=84c077a3779272cb87db22fde17c8dbd

ISO/TR 22979:2017(E)

Contents Page
FFOTE@WOIM ...........oooooeooeeeeee e85 8 588 iv
1 S0P ... 1
2 NOIIMATIVE FEFEIEINCES ..........oooooooeeeeeeeeeee oo 1
3 Terms AN AefINETIONIS ... s 1
4 Modifications to parent models

41 Genreral

4.2 Modification levels..
421
4.2.2
4.2.3
4.2.4
4.2.5

5 Considerations for the assignment of modification level ... &

5.1 GENETAL....ccooe s

5.2 Risk assessment....

5.3 Special considerations

5.3.1 Phakiclenses.....eoceen

5.3.2  Anterior chamber lenses

5.3.3  Posterior chamber lenses intended.fof implantation in the sulcus.......
6 Modifications of optical design features

6.1 Optical design changes..........cpm @i

6.2 Multifocal lenses (MIOL) .. S,

6.3 Toric lenses (TIOL) ..o

6.4 Accommodating 1€nSes (AL L) AT e
7 Modifications to the mechanicalfd@SiGN ...

7.1 GEIIETAL ... oot

7.2 Mechanical @naly SIS (7 . e
8 Modifications t0 Material:...............ocos s

8.1 InterchangingAOL materials.

8.2 INEW INATETIALS oo s
Annex A (informative) Examples of modifications to a parent IOL model...............oo...
Annex B (informative) Mechanical data analysis..........ce e
BID EOGTAP Y e
© ISO 2017 - All rights reserved

WRNNNNN R R

LW W W W W

iii


https://standardsiso.com/api/?name=84c077a3779272cb87db22fde17c8dbd

ISO/TR 22979:2017(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 non-governmental, in liaison with ISO, also take part in the wo
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters
electrotechnical standardization.

rk.
of

The procg¢dures used to develop this document and those intended for its further maintenance, 3
described|in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed-for {
different fypes of ISO documents should be noted. This document was drafted in accordance with {
editorial fules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention|is drawn to the possibility that some of the elements of this document may)be the subject
patent rights. ISO shall not be held responsible for identifying any or all such patént rights. Details
any patenf rights identified during the development of the document will be in the.Introduction and
on the IS{ list of patent declarations received (see www.iso.org/patents).

Any tradg name used in this document is information given for the conveniéence of users and does 1
constitutg an endorsement.

For an eyplanation on the voluntary nature of standards, the <meéaning of ISO specific terms 4
expressiohs related to conformity assessment, as well as information about ISO’s adherence to f{
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the follow
URL: wwv.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 172, Optics and photonics, SC 7 Ophthalr
optics and|instruments.

This second edition cancels and replaces the first edition (ISO/TR 22979:2006), which has be
technicallly revised.

\re
he
he

of
of
or

hot

nd
he

ng

ic

=

en

iv © ISO 2017 - All rights reserved


http://www.iso.org/directives
http://www.iso.org/patents
http://www.iso.org/iso/foreword.html
https://standardsiso.com/api/?name=84c077a3779272cb87db22fde17c8dbd

TECHNICAL REPORT

ISO/TR 22979:2017(E)

Ophthalmic implants — Intraocular lenses — Guidance
on assessment of the need for clinical investigation of
intraocular lens design modifications

1

T
Std

pr

Scope

is document provides guidance on the application of all parts of the ISO 11979 series pf Ints

bcess of modifications to anterior and posterior chamber I0Ls in accordance with 1SO 14

aldo suggests methods of data analysis and interpretation that can be used to determine the

cli

hical investigation and its design.

Normative references

Thie following documents are referred to in the text in such a way*that some or all of the

co
un

nstitutes requirements of this document. For dated references) only the edition cited aj
dated references, the latest edition of the referenced document (including any amendment

ISQ 11979-1, Ophthalmic implants — Intraocular lenses —PRart 1: Vocabulary

Fo
I1S(

Terms and definitions

" the purposes of this document, the terms and/definitions given in ISO 11979-1 and the follow

IEC Electropedia: available at http://www.electropedia.org/

ISO Online browsing platform: available at http://www.iso.org/obp

NOTE The terms listed arerelated to Annex B.

3.1

op
10

len-loop IOL
. model whichscontains two loops, each loop having one end attached to the body of the I(

othher end free

3.2

clgsed-leop IOL

10

3.3
I

, nfodel, which contains two loops, each loop having both ends attached to the body of the

brnational

ndards for intraocular lenses (I0Ls).[1-9] [t addresses factors to be considered in the fisk management

971.[11] It
need for a

ir content
plies. For
5) applies.

ing apply.

and IEC maintain terminological databases for use in standardization at the following addiresses:

L and the

bptic

hybrid open-loop/closed-loop IOL
IOL model which contains two loops, with one loop having one end attached to the body of the IOL and
the other end free, and the other loop having both ends attached to the body of the IOL

4

Modifications to parent models

4.1 General

IOLs, that are modifications of a parent I0L, have different requirements for clinical investigations
depending on the risk associated with the modifications and depending on their location in the eye.

©lI
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This document provides considerations for the risk assessment to determine the clinical investigation
effort that is needed based on the level of modification which is defined in 4.2.

ISO 13485I10] provides requirements for the design and development of medical devices, which are
applicable to intraocular lenses including modifications of existing models. The risk assessment and
design evaluation are part of the risk management in the design control process in accordance with
ISO 14971, and can be used as input for the clinical evaluation. ISO 14971 describes sources for data
and information for estimating risks. To determine and evaluate the hazards associated with the
modification of IOL models, the manufacturer can additionally use the following sources:

a) clinicaldata;

b) literafure study of equivalent features of similar IOL models. The literature can be general published
and uppublished reports, proprietary evaluations and post-market surveillance reports;

c) physifal model-eyes, laboratory bench testing or numerical/computational models,\which have
been yerified and validated for evaluation of optical and mechanical behaviour;

d) wusability and human factor engineering data resulting from the applicationtof TEC 62366-1[12]| or
ANSIJAAMI HE75[13] such as the use of error risk analysis, formative and\summative evaluatjon
results, including studies to evaluate surgical manipulation and deliveryefthe IOL in the eye.

Modificatfons to the delivery system are subject to the design control)process in accordance wijith
ISO 1348p and factors that pertain to the interaction of IOL and-d€livery system, as described|in
[SO 11979-3, and user interaction during surgery are to be consideredin a risk assessment.

4.2 Modification levels

4.2.1 General

Design m¢difications to parent model I0Ls are classified as Level A, B or C. The classification depends
on the saffety and performance risks that are‘identified. Examples of risks associated with design
modificatjons are provided in Annex A.

4.2.2 Level A modifications

Level A mlodifications of a parent.model are those for which all safety and performance questions dan
be adequdtely addressed without-elinical investigation. The modified model is essentially equival¢nt
to the pafent model(s). All pisks resulting from risk assessment to the modification are adequatply
addressed by existing clinieal-évidence. The residual risk will have to be outweighed by the benefits|

4.2.3 Le¢vel B modifications

Level B mjodifications of a parent model are those that raise safety and/or performance risks that dan
be adequdtely addressed with a limited clinical investigation of a justified number of subjects followed
up for a justified period.

NOTE Typically 100 subjects followed up for 4 months to 6 months. The statistical precision of a 100-subject
investigation to detect differences from the safety and performance end points (SPE) ratings is provided in
ISO 11979-7.

4.2.4 Level C modifications

Level C modifications are modifications that raise safety and/or performance risks that can only be
addressed with a full clinical investigation as defined in ISO 11979-7 and ISO 11979-10.

2 © IS0 2017 - All rights reserved
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4.2.5 (Clinical investigation with multiple IOL models

2017(E)

More than one IOL model can be studied in the same investigation and with the same study end points
if supported by a risk assessment and provided these models are Level A modifications of one another.
If the intent is that data from the various models are to be pooled, a justification from the manufacturer
is required per study end point to demonstrate that the design differences between models will
affect neither investigation outcomes nor investigation execution nor interfere with the application of
statistically sound test design techniques such as randomization and masking.

5

5.

The process of assignment of a modification level is illustrated in Figure A.1. .A\risk asse
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Considerations. for the assi f modification level

General

b model modifications is performed, especially considering any safety and)pérformanc
e to the differential design aspects compared with the parent models. Multiple parent n
considered in the evaluation given the premise that the modifications are related to thg
del(s).

e assigned modification level depends on the additional potentiaklazards or hazardous 3
ir probability of occurrence and the probability that they will I€ad to harm, as well as the 5
e harm(s) compared with that of the parent model. For additignal guidance, see ISO 14971.

erall, the risk assessment would weigh the risk/performance impact and benefit to
dification Level A, B or C. Examples of potential Level A'modifications to parent models arg
Annex A. A plurality of modifications may change the level assignment. If there is ir
Fa to assess the risk of plurality of modifications, as compared with parent I0Ls, a suitah
estigation should be performed.

Risk assessment

the risk assessment, the hazards:dnd hazardous situations that are related to the modi
ative to the parent model will be considered. By assigning modification Level A, Bor C, t
Fformance relative to the parent model is addressed. Table A.5 includes examples of
vards and harms that may-be associated with the modification and that can be included 1§
essment. Table A.5 also/includes references to test methods described in the ISO 11979 sen
| be considered to assess the potential risks. The risk assessment addresses all changes m
pduct and includes €hanges of labelling, packaging and package inserts.

3 Special considerations

.1 PhakKic lenses

bkiclenses require additional considerations in the risk assessment to determine the mg

lev

ssment of
b changes
odels can
se parent

ituations,
everity of

letermine
provided
sufficient
le clinical

fication(s)
he clinical
potential
n the risk
ies, which
ade to the

dification

alBecause aofthe nrovimituv of other tissue comnared with anhakic anteriar and naocsterio.
5 ot + P Y + * ot e pria e 2

- chamber

1 3¢
lenses. The clinical requirements are outlined in ISO 11979-10.

5.3.2 Anterior chamber lenses

Additional hazards may arise from the potential direct IOL-tissue interaction, static or dynamic, which
needs to be evaluated including the risk of rotation, displacement, aqueous flow and corneal damage.
The clearance analysis described in ISO 11979-3 can be used to assess the clearance to the cornea.

©lI
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5.3.3 Posterior chamber lenses intended for implantation in the sulcus

Posterior chamber lenses implanted in the sulcus have more potential interaction with surrounding
tissue than lenses implanted in the capsular bag. Examples of potential tissue interaction effects are
pigment dispersion and changes to the ciliary body.

6 Modifications of optical design features

6.1 Optical design changes

Optical bénch testing of imaging quality, as defined in ISO 11979-2, is performed and analysed|to
compare the modified IOL model and parent IOL model(s).

Interchanging optics or combining two or more optical design concepts (spherical, aspheric,’monofoqal,
toric, multifocal and/or accommodative optics) may be considered Level A modificatiens)if the optigal
designs have been evaluated in parent IOL models. The risk assessment is conductéd, to evaluate gny
new risk when interchanging optical designs and includes the following:

a) the potentially increased misalignment of the IOL optic (i.e. tilt, decentration and rotation) due to
the pgrent IOL body and haptic designs. The analysis includes comparison of clinical study reports
of cerftration and mechanical differences in IOL design;

b) evalufption of the potential for changes in the predictability and stability of post-operative refractjon
and, iff applicable, changes in the stability and magnitude of the accommodative amplitude at the
point|of stabilization;

c¢) when|combining two or more approved optical concepts, all clauses applicable to these concepts
and their interaction are considered.

Examples|of Level A and B modifications are listed in‘’Annex A.

6.2 Multifocal lenses (MIOL)

When thg modification of the multifocal-parent design is a change of the fundamental technolqgy
creating the multiple dioptric powers, 'e.g: diffraction versus refraction, this modification is potentiglly
a Level Blor Level C modification depending on the risk assessment. A change to a multifocal design
that can He verified and compareéd with a parent multifocal may be considered a Level A modificatjon
if it does|not increase the ris§k)profile. However, if the modification increases the risk profile, for
example ddding risks of visualdisturbances, the change is potentially a Level B or Level C modificatipn.
If the material of the modified model IOL is different from the material of the multifocal parent IOL
with resplect to opticab.material characteristics, in particular refractive index and dispersion, thig is
potentiallly a Level B'or'Level C modification.

Refer to 1S8211979.7 and ISO 11979.10 for evaluation—of modifications—of the mechanical-design
platform, in particular with respect to rotational stability. Changes in mechanical design affecting the
axial and rotational stability are potentially Level B or Level C modifications.

6.4 Accommodating lenses (AIOL)

Any change in optic design (single and multi-optic lenses) or haptic design is reviewed for potential
impact on the accommodative power of the IOL and optical performance, as defined in ISO 11979-2
and ISO 11979-7, of the IOL at far power configuration and configurations associated with the designed
range of accommodation in 0,5 D increments. The risks associated with interaction with surrounding
tissue due to the accommodative action need to be evaluated to classify the modification level of a
model change. Any characteristic of the parent lens optics and material that may have an impact on the
accommodative performance of the approved AIOL is considered in the risk assessment.

4 © IS0 2017 - All rights reserved
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Modifications to the mechanical design

7.1 General

Evaluation of modifications of the mechanical design considers the impact of the modification on the
mechanical interaction with ocular tissue, consequences for the surgical handling, interaction with
delivery systems, refractive outcomes, visual outcomes including visual disturbances and any potential
biological response. Examples of modifications to the mechanical design and the biological response are:

a)

changes in the vault height, sagitta, axial displacement under compression may affect the refraction

b)

An|

7.1

Thie data from the compression force, compression force decay and angle of contact, tested in a

wi
mg
for
de
10

8

8.

1 Interchanging IOL materials

stability and axial position of the IOL;

fibres with the effect of tilt and decentration, and may change the shape of the-¢apsulat
the consequences of capsular striae and optical disturbances and posterior capstile opaci

y modification to the mechanical design of anterior chamber IOLs is considereda Level B mo

P Mechanical analysis

th [SO 11979-3, is used to assess the difference in mechanical ‘behaviour between the mo
ce (decay) and angle of contact between a modified IOL madél and one or more parent IOL n

scribed in Annex B. These methods can be used to determine whether a modified posterio
| is a Level A modification of one or more parent IOL'models included in the analysis.

Modifications to material

In

eath been evaluated in a parent 10L The risk assessment is conducted to evaluate any new
inferchanging IOL materials in‘particular when interchanging material from one-piece, thre
pldte lens design.

8.

If the material ofthe modified IOL model is different from the material of the parent IOL n

erchanging IOL materials may be'considered Level A modifications if the materials and dej

New materials

changes in the compression force and contact angle may damage the capsular bag-and the zonular

bag with
fication.

dification.

rcordance
dified IOL

del and potential parent IOL model(s). The methods for assessment of the differences in compression

hodels are
- chamber

igns have
risk when
e-piece or

hodel(s), a

clinical investigation is considered depending on the risk assessment. If the change in mafterial is a

change in polymeric structure, and there is no experience for use of this polymer in the eye, 1
fulll clinicakinvestigation is performed.

ypically a

©lI
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Annex A
(informative)

Examples of modifications to a parent IOL model

A.1 General

Modificat

categories

typical expmples of potential Level A and B modifications with additional criteria where dpplicable.

The examples in this annex do not apply to phakic IOLs or iris fixation lenses.

The appli
a) Pdes
b) Ades

ability column indicates the type of IOL that the modification is applicable to:
gnates non-plate posterior chamber IOLs, for in the capsular bag implantation;

gnates anterior chamber IOLs;

c) Sdesignates IOLs for sulcus implantation;

d) PL designates posterior chamber IOLs made from flexible.materials that are of a one-piece pl

desig

.

A.2 Potential Level A modification examplés

Examples

brings for

of potential Level A modifications are\listed in Tables A.1 and A.2. If the risk assessm

parent mqdels(s), the classification of modification level should be reconsidered.

Table'A.1 — Change in optic design

Modification Applicability

Ch

Whereby any power-of the IOL model is in the range that the manufacturer P/A/PL/S
mdgkes available,

nge in dioptric powerrange

Ch

pa
to

Indlusion er:déletion of power steps inside the range of the power steps of the P/A/PL/S

nge of dioptric power increments

entimodel e.g. the current power stepsare 5,0 D, 6,0 D, 7,0 D, etc., are modified
5,0:D5,5D,6,0D, 6,5D, 7,0 D, etc.

Ch

Where any cylinder power 21,0 D of the IOL model is within the range of P/A/PL/S
manufacturer’s available cylinder power range.

ons to an IOL that has undergone a clinical investigation can be classified in ong,'of three
depending on the level of modification: Level A, Level B or Level C. This annex provides

hte

ent

ward new risks or results in increased risks from individual or multiple changes over the

ange imcyHnder power range (TTOL)

Ch

Whereby any addition power of the IOL is within the range of manufacturer’s
available addition powers, that the manufacturer makes available for parent P/A/PL/S
models with identical optical principles to accomplish the multifocality and the
same optical specifications.

ange in addition power (MIOL)

© ISO 2017 - All rights reserved
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Modification Applicability
Change to axis indicator marks of TIOL
P/A/PL/S
Provided that the markings remain compatible with a vision evaluation system.
Change in spherical aberration level
Whereby the spherical aberration remains within the range of that the P/A/PL/S
manufacturer makes available.
The application of a multifocal optic design of one parent model to the optic
of another parent model
P/A/PL/S
Whereby optical design, optical specifications, material and technology to
accomplish the multifocality of the IOL are identical to the parent model(s).
Table A.2 — Change in mechanical design
e R Medhanical
Modification Applicability datalanalysis
Changes in haptic features
CHanges such as the addition of notches or the addition of eyelets or rouided P/S No
enlds to loops.
Change in overall diameter
P/S Yes
CHanges within the previously clinically investigated overall diameter range.
Change in haptic thickness or width P/S Yes
Change in haptic configuration (shape) P/S Yes
Change in optic or body size
Changes in body circumference design or optic size'if the length is notless than P/S No
5,0 mm along any meridian (e.g. going from cigcular to an ovoid body) and not
greater then 7,5 mm along any meridian.
Change of clear optic
A1y obstruction that interferes with the performance of the optic, provided P/S No
thpt the clear optic diameter is greater than 4,25 mm.

A.B Potential Level B modification examples

Expmples of potential Level B modifications are listed in Tables A.3 and A.4. If the risk agsessment

brings forwardsew risks, the classification of modification level should be reconsidered.

Table A.3 — Change in optic design

Modification

Applicabilit)

<

(‘hanop in addition power outside the range of addition power made

available by the manufacturer through the MIOL parent lenses

same optical specifications as the parent model(s).

Whereby any addition power of the IOL follows the identical optical
principles as the parent model(s) to accomplish the multifocality and the

P/A/PL/S

© IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=84c077a3779272cb87db22fde17c8dbd

ISO/TR 22979:2017(E)

Table A.4 — Change in mechanical design

Given the
open loop
extremes

more complex behaviour of the plate design lens compared with
design lenses, plate design lenses are evaluated at dimensional
fo demonstrate stability under expected conditions.

Modification Applicability d“:f:gfl‘;;;:}s
Change in haptic configuration
Including change in overall diameter, haptic thickness or width, when not
meeting the Level A criteria mechanically. p Yes
If the change in haptic configuration of the modified lens appears to have the
potential to cause different or greatly increased safety concerns as compared
with the parent model(s), it is considered to he a l.evel C modification
Change in} haptic configuration
Including [change in overall diameter, haptic thickness or width, when not
meeting tlhe Level A criteria mechanically. PL Yes

A.4 Considerations for characteristics to compare when evaluating a design

modification
Table A.§ provides examples of product characteristics or performance parameters, associated
character|stics, and parts of ISO 11979, which can be used to identify potential differences between the
modified model and the parent model with respect to performaiice or safety. These characteristics and
parametel's can be considered when identifying potential harms and hazardous situations.
Table A|5 — Examples of risks potentially associated with modification of IOL characteristigs
Modiflication Hazardous situation Potential harm T}_'p_e Of. 150 11979
modification reference
Extension|of dioptric |Contact with ocular tissue: Damage to the Design ISO 11979-3:
power range or cornea, iris and pupil, ciljary |ocular tissue: Vault height
cylinder range. body, capsular bag and cornea, iris and
zonular fibres. pupil, ciliary body, Sagitta
capsular _bag and Axial
zonular fibres. ;
displacement
IOL deliveryresults in Refractive error, under
permanent deformation of loss of contrast and compression

the 10L.

visual acuity.

Changed delivery
characteristics, i.e. increased

Loss of contrast and
visual acuity.

Clearance analy

Recovery of

5is

delivery forces resulting in Damage to ocular properties
damage to the optic and . 8 following
haptics. 1Ssue. simulated
Desian changosloadinag ta lLossofcontrast and Surglcal

© ° ° manipulation.

changes in optical
performance such as
changed spherical aberration.

visual acuity.

Change in rotation stability
for TIOL lens models.

Residual cylinder.

Tilt and decentration due to
the capsular bag shape or
damage to the capsular bag
and zonular fibres.

Loss of contrast and
visual acuity.

© ISO 2017 - All rights reserved
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Modification Hazardous situation Potential harm T)fpg Of. 150 11979
modification reference
Change in haptic Tilt and decentration due to |Loss of contrast and |Design IS0 11979-3
design, such as a the capsular bag shape or visual acuity.
- Annex B
change in overall damage to the capsular bag
: . : Capsular rupture
diameter and haptic |and zonular fibres. . :
. . leading to vitreous
width or thickness, .
leading to a change loss, retinal
. : detachment and
in mechanical NI
Characteristics. PUSSIUIC DIITIUIICSS.
Decreased function of optical |Loss of contrast and
features. visual acuity.
Striae. Visual disturbances
Damage to ciliary body and  |Inflammation.
aqueous-blood barrier.
Change in tilt and Loss of contrast and |Design [SO 11979-3
decentration due visual acuity. i
sensitivity of the design. 150 11979-2
Change in axial IOL location |Refractive error Design; ISO 11979-3
zz:gﬁity and/or rotational Residual cylinder Optical ISO 1197%9-7
Y (TIOL).
Optic shape factor. Optical performance due to  |Loss of cotitrast and |Design; ISO 11979-2
changing aberration. visual.acuity. Optical 1SO 11979-3
Surface reflection Visgal disturbance.
(plano-convex).
CHange in MTF Poor optical performance. Loss of contrast and |Design; ISO 1197%9-2
sepsitivity to visual acuity. Optical
decentration and tilt. ptica
CHange in clear optic. |Reflections from neh-optical |Visual disturbances. | Design ISO 11979-3
features as positioning holes.
CHange in optical Reflected light'produces Visual disturbances. | Design No standard test
edge design. ghost images on the retina. availablg.
Reduced barrier for LEC Posterior capsule
migration. opacification.
CHange in material  |Surface evokes inflammatory |Inflammation. Biocompatibil- {ISO 11979-5
and/or its surface reaction ity.
characteristics. Reduced adherence of Posterior capsule
posterior capsule to the opacification.
posterior IOL surface.
Reduced biocompatibility of |Inflammation and
the materials. toxic effects.
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Description
of design
features new
model

Establish:
 Identification of parent IOL models

« Description of the design features in terms of modifications to parent models

« Arisk assessment and a risk evaluation according ISO 14971

* Benefit risk assessment

Is the new
10L design consisting of
minor modifications to a parent model

X yes
for which all safety and performance
risk can be adequately addressed by
non-clinical
testing?
no
.Is an alternative ) Additional
evdluation method appropriate Perform . .
dad the saf d " p residual risks
F—»
0 al ress esae.tyan a erna'lve comparedto
performance risk evaluation 9
X parent?
available?
Level A
modification
Can all safety and/or Perform clinical Additional
perfofmance risk that are raised, be Level B investigation for residual risks General market End
adeqyately addressed with a limited modification Level B compared to surveillance n
clinical investigation? modification parent?
Level C no
modification
Can all safety and/or Perform clinical Additional
perfofmance risk that are raised, be investigation for residual risks
adefjuately addressed with a full Level C compared to
clinical investigation? modification parent?
No market End
release

10
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Annex B
(informative)

Mechanical data analysis

ce, compression force after decay and angle of contact, can be used to assess whether’a mo
h Level A modification of a parent IOL, as described in Annex A.

" lenses with open haptics (loop style) the mechanical analysis is applicable. For other sty
e plate style or hybrid, other type of analysis may be more useful to assess the interactioi
'rounding tissue.

2 Mechanical comparison methods

.1 General

comparisons between a modified model and a single parent model, which is either
dergoing a clinical investigation or has completed a clinical investigation, the may
monstrates that the mechanical properties of the modified lens are not significantly diffeg

comparisons between a modified model and multiple parent models, the may
monstrates that the mechanical propetties of the modified lens are not significantly diffd
 range of properties associated withthe parent models.

owing comparisons:
compression force divided by angle of contact per loop;
compression forcg-after decay divided by angle of contact per loop.

 each test ne€ded for the analysis, the lens is evaluated at 10,0 mm compressed diam
dified lens _is"only for capsular bag fixation, at 11,0 mm if it is only for ciliary sulcus fix3
Lh diameters if intended for both capsular bag and ciliary sulcus fixation.

p.2¢ Restrictions

e methods in this Annex apply to two-looped lens models only. Mechanical data,d'e) compression

dified IOL

le haptics
1 with the

currently
ufacturer
rent from

ufacturer
rent from

ludes the

bter if the
tion or at

B.2.2.1 The method of comparison with a single parent model includes the following restrictions:

a)

b)

a model of either the open-loop, closed-loop or hybrid open/closed-loop types is only compared

with the same type of model;

for models of the open-loop or closed-loop type having dissimilar loops, each loop is assessed
separately, and then each loop on the modified model is compared with the corresponding loop on

the parent model that it most closely resembles.

B.2.2.2 The method of comparison with multiple parents includes the following restrictions:

a)

©lI

an open-loop model or the open loop of a hybrid open-loop/closed-loop model is only compared

with the properties associated with open-loop parent models;

SO0 2017 - All rights reserved
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b) a closed-loop model or the closed loop of a hybrid open-loop/closed-loop model is only compared
with the properties associated with closed-loop parent models;

c) for models of the open-loop or closed-loop type having dissimilar loops (and therefore different
angles of contact), each loop is compared separately with the appropriate (i.e. open-loop or closed-
loop) graph of properties associated with the parent models.

B.2.3 Calculations

The manufacturer determines the force necessary to compress the parent model and the modified
modelto apP aOTCOVET3 Hatreterfs SEE€ O 979 OoftrittteSstTimetotT - re-eatrroreevane,
F, and the| standard deviation, o, are determined for the parent model and the modified model for the

applicablq overall diameters.

The force|spread value, f, in the formulae is set equal to 20 % of the mean force value (0,2'F) or to the
standard feviation, o, provided that o is lower than 0,2 F.

From thig data, the upper force boundaries, UFBp, and lower force boundaries, LFBp, are calculated
using Formulae (B.1) to (B.6) for the parent model:

when F, 21 100 x 10-5 N:
UFBy + Fy + f, (H1)

when 800|x 105 < F;, < 1100 x 105 N:
UFBy § Fp + 3 f, - [(Fp - 800 x 10-5) / 150 x 10-5] f;, (Bl2)

when F, 4800 x 10-5 N:
UFB, + Fp+3 f, (B3)

when F, 2150 x 10-5 N:

when 50 3 10-5 < F, < 150 x 10=5 N

when F,, 450 x 10-5 N:
LFBp 3 Fp - fp (B6)

The upper_force boundaries, UFBy,, and lower force boundaries, LFBy, are calculated using the
Formulae (B.7) and (B.8) for the modified model:

UFBm = Fin + fin (B.7)

LFBy = Fn - fin (B.8)

B.2.4 Background of the calculations

The compression force values 150 x 10-5 N and 800 x 10-5 N represent the lower and upper boundaries,
respectively, containing most of the IOL models that have demonstrated acceptable clinical performance.
Since much less is known about the clinical performance of IOL models outside these boundaries, a
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more conservative approach has been taken with parent models with loop flexibilities outside these
boundaries to minimize the difference between the parent and the modified model. The formulae above

accomplish this in the following manner for the parent models:

a) by using 3 f, only with parent models that have mean compression force values between
150 x 10-5 N and 800 x 10-5 N;

b) by decreasing the multiplier of f, used in the LFBp formula with parent models that have mean
compression force values below 150 x 10-5 N in a continuous manner until it equals 1 at a mean
compression force value of 50 x 10-5 N;

c) | by using f, with parent models that have mean compression force values below 50 x 1075 N;

d)| by decreasing the multiplier of f, used in the UFB}, formula with parent models-that have mean
compression force values above 800 x 10-> N in a continuous manner until it @quals 1 pt a mean
compression force value of 1 100 x 105 N;

e) [ by using f, with parent models that have mean compression force values above 1 100 x 19-5 N.

B.2.5 Analysis of a single parent comparison

Thie manufacturer determines the angle of contact AC associated¢with the loops of the pargnt model

anfl the modified model when the lenses are compressed to the required overall diameter(s); see

ISQ 11979-3. The UFB and the LFB divided by the mean A€ at the compressed overall djameter(s)

defermine the range of force values per degree of AC associated with the parent lens and thg modified

ler]s at the compressed diameter(s).

For the modified lens to be considered a Level A @odification of the parent model, the|following

criteria apply:

a) | the mean ACy, associated with the loops ofithe modified model at the applicable compressed overall
diameter(s) is within +40 % of the mean AC,, associated with the loops on the parent model at each
of the compressed overall diameters;

b) | some part of the range definedby'the UFBy,/ACy, and the LFBy,/ACy, for the modified lenf overlaps
the range defined by the UFBp/AC;, and the LFBp/AC, for the parent model at each of the cdmpressed
overall diameters, both initially and after decay.

Expmple 1 and Example(2)in B.3 illustrate hypothetical results using this method of ahalysis to

demonstrate that a modifiéd lens is a Level A modification of the parent lens.

B.2.6 Analysis-efa multiple parent comparison

Thie manufacturer determines the angle of contact, AC, associated with the loops of the parent models

anfl the modified model when the lenses are compressed to the required overall diameter(s); see

ISQ 11979-3 for method.

Thienfor each parent model, the manufacturer graphs the force values as a function of loop AC for each
overall diameter and condition.

For hybrid open-loop/closed-loop parent models, the properties are separated into their open-loop and
their closed-loop components and the data are added to the corresponding graph.

For the modified lens to be considered a Level A modification of the parent models, part of the force
range for the modified model falls within the boundary ranges defined by the force characteristics of
any two of the manufacturer’s parent models that are separated by not more than 30° of AC for the
loop type in question. It is not necessary that the same two parent models be used for the comparisons
under all of the test conditions.

Example 3 in B.3 illustrates hypothetical results using this method of analysis to demonstrate that a
modified lens is a Level A modification of the multiple parent lens models.

© IS0 2017 - All rights reserved 13
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B.3 Examples

B.3.1 Example 1: Single parent comparison (IOLs with symmetrical loops)

Example 1 discusses the testing necessary to demonstrate the Level A relationship between two open-
loop models with symmetrical loops. The manufacturer, in this example, has designed a new model
(Model 5) by modifying a parent IOL model (Model 2), with modified C haptics and an overall diameter
of 12 mm, by increasing the overall diameter from 12,0 mm to 14,0 mm and by modifying the shape
of the loop to a different form of modified C-loop. To determine if Model 5 is a Level A modification of
Model 2, the manufacturer has evaluated the mechanical characteristics of the new model.

The manyfacturer has taken a minimum of 10 samples of each of the models and has determined the
compressjon force necessary to compress each model to an overall diameter of 10 mm. The mean fofce
values, F, and the standard deviations, o, were determined. From these data, the upper forcehotndarijies
UFB and lpwer force boundaries LFB were calculated according to the formulae and procedure in B.2{ in

which the|force spread values, f, were set equal to the standard deviations, o.

The AC as$ociated with each loop when the lens was compressed to 10 mm was measured and the mgan
determined. Next, the UFB and LFB were divided by the mean AC. . These values determine
the range|of force values per degree of AC associated with a lens when compressed to 10 mm overall

value wag

diameter.

The procgdures described above were repeated for an overall cdmpression diameter of 11 mm
and for 1) mm and 11 mm after decay. Table B.1 and B.2 showythe data associated with the to

hypothetjcal models.

Table B.1 — Mechanical datafor Model 2

Compressed diameter

Parameter 10 mm 111 10 mm 11 mm

after decay after decay

F 300 x 105N 180 x 105N 130 x 105N 80 x 105N

o 45 x 105N 20x10-5N 20 x10-5N 12x10-5N

UFB 435 x10-5 N 240 x10-5N 190 x 10-5 N 116 x 10-5N

LFB 165 x 10-5N 120 x 105N 78 x 10-5 a 61 x 10-5a
AC 60° 42° 62° 44°
UFB/AC 7,3 5,7 31 2,6
LFB/AC 2,8 29 1,3 1,4

F <150 x 10-3Ntherefore LFB = F}, - (Fp/50 x 10-5) o was used.

Table B.2 — Mechanical data for Model 5 (modification of Model 2)

Compressed diameter

Parameter 10 mm 11 mm
10 mm 1 mm after decay after decay
F 450 x 105N 250 x 105 N 220 x 105N 120 x 105N
o 70 x 105 N 55x 105N 30x 105N 20x10-5N
UFB 520 x 10-5N 300 x 10-52 250 x 105N 140 x 105N
LFB 380 x 10-5 N 200 x 10-5 Na 190 x 10-5N 100 x 105N
AC 70° 52° 74° 55°
UFB/AC 7,5 5,8 3,4 2,6
LFB/AC 54 3,8 2,6 1,8

a

0> 0,2 F, therefore fwas setequal to 0,2 F.

14
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Based on these data, the proposed Model 5 was compared with parent Model 2. The following
comparisons form the elements necessary to conclude that Model 5 is a Level A modification of Model 2:

a) themean ACy, for Model 5, 70° (10 mm) and 52° (11 mm), is within 40 % of the mean AC, for Model 2,
i.e. 60° (10 mm) and 42° (11 mm);

b) the LFB/ACy to UFB/ACy range for Model 5 overlaps the range defined by the UFB/AC, and the
LFB/AC, for Model 2 at all four test conditions: 10 mm and 11 mm compressed overall diameters
and 10 mm and 11 mm compressed overall diameters after decay.

Therefore, Model 5 does not need to undergo a clinical investigation, provided it is otherwise in
compliance with all relevant parts of ISO 11979.
If Model 2 is undergoing a clinical investigation, this analysis can be used to determinethat Model 5 is a
Leyel A modification of Model 2 and can therefore be added to its clinical investigation:
NOTE The same testing is performed to demonstrate the Level A relationship (between two ¢losed-loop
mddels with symmetrical loops.
B.B.2 Example 2: Single parent comparison (IOLs with asymmetrical loops)
Expmple 2 discusses the testing necessary to demonstrate the Level*Arelationship between fwo open-
logp models with asymmetrical loops, two closed-loop models with asymmetrical loops or two hybrid
open-loop/closed-loop models.
Thie manufacturer, in this example, has modified a hybrid:closed-loop/open-loop parent mode|, Model 6,
by|changing the configuration of both the open-loopiand the closed-loop, and reducing the overall
digmeter of the model from 14 mm to 12,5 mm. The new model is designated Model 7. In casef like this,
in which a model possesses asymmetrical loops, the mechanical characteristics have to be d¢termined
for] each loop separately. The characteristics of-the closed loops of Models 6 and 7 are first ¢gompared,
anfl then the characteristics of the open loops'¢f Models 6 and 7 are compared.

Table B.3 and Table B.4 provide the mechanical characteristics of the closed loops on Models 6 and 7,

regpectively.

Table B.3 — Mechanical data for the closed loop on Model 6
Compressed diameter
Parameter 0 1 10 mm 11 mm

10 mm mm after decay after decay
F 900 x 10-5N 750 x 10-5 N 450 x 10-5N 375 x 10-5 N|
0 110 x 105N 100 x 10-5N 80 x 105N 60 x 10-5N
UFB 1157 x 10-5 Na 1050 x 10-5N 690 x 10-5 N 555 x 10-5 Nj
LFB 570 x 10-5 N 450 x 105N 210 x 105N 195 x 105 N

AC 65° 64° 66° 65°

LIER/AC 18 16 11 85

LFB/AC 8,8 7 3,2 3
a  Fp>800x10-5N, therefore UFBp = Fp + 3 0 - [(Fp - 800 x 10-5) / 150 x 10-5] o, was used.
© IS0 2017 - All rights reserved 15


https://standardsiso.com/api/?name=84c077a3779272cb87db22fde17c8dbd

ISO/TR 22979:2017(E)

Table B.4 — Mechanical data for the closed loop on Model 7

Compressed diameter
Parameter 10 mm 11 mm 10 mm 11 mm

after decay after decay
F 700 x 10-5N 600 x 10-5N 350 x 105> N 250 x 105N
o 100 x 105N 70 x 105N 50 x 105N 25x10-5N
UFB 800 x 10-5N 670 x 10-5N 400 x 105N 275x10-5N
LFB 600 x 105N 530 x 105N 300 x 10> N 225x 105N

AC 50° 48° 51° 49°

UFB/AC 16 14 7,8 5,6

LFB/AC 12 11 59 4,6

Table B.5

respectiv¢ly.

Table B.5 — Test data for the open loop on Model 6

and Table B.6 provide the mechanical characteristics of the open-loops onAModels 6 ang

Compressed diameter
Parameter 10 mm 11 mm 10 mm 11 mm

after-décay after decay
F 900 x 10-5N 750 x 105N 450/ 10-5 N 375 x10-5N
o 110 x 105 N 100 x 105N 80 x 105N 60 x 10-5N
UFB 1157 x 10-5 Na 1050 x 10-5N 690 x 10-5 N 555 x 10-5 N
LFB 570 x 10-5N 450 x 105 N 210 x 105N 195 x 10-5 N

AC 40° 35° 41° 36°

UFB/AC 29 30 17 15

LFB/AC 14 13 51 54

a | Fp>800 x 10-5 N, therefore UFBp, = Fp #3.0p - [(Fp - 800 x 10-5)/150 x 10-5] o, was used.

Table B.6 —Test data for the open loop on Model 7

Compressed diameter
Parameter 5 rrim 11 mm 10 mm 11 mm

after decay after decay
F 700 x 105N 600 x 105N 350 x 105N 250 x 105N
o 100 x 10-5N 70 x 10-5N 50 x 10-5N 25x10-5N
UFB 800 x 10-5N 670 x 10-5N 400 x 10-5N 275 x 10-5N
LEB 600 x 10-5N 530 x 10-5N 300 x 10-5N 225 x 105N

AC 46° 41° 47° 42°

UFBJAC 17 16 8,5 6,6

LFB/AC 13 13 6,4 54

It is noted that for Tables B.3 to B.6, the force value necessary to compress the open-loop and closed-
loop of each model are, of course, identical (see Tables B.3 and B.5; Tables B.4 and B.6). This is because
for the measurement both the haptics of the IOL are compressed between anvils and the force measured

is exerted by both haptics.

The force boundaries for the parent model in Tables B.3 and B.5 were derived using 3f, except in the
cases where F > 800 x 10-5 N. The force boundaries for the modified model in Tables B.4 and B.6 were

derived using force spread value f. For the parent model and the modified model, the force spread value
fwas set equal to the standard deviation, o.
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Based upon the following analysis of the data, it can be concluded that new Model 7 is a Level A

mo

a)

b)

dification of parent Model 6:

the mean AC, for new Model 7, 50° (10 mm) and 48° (11 mm) is within 40 % of the mean AC}, for

parent Model 6, 65° (10 mm) and 64° (11 mm) for the closed loops;

the mean ACy, for new Model 7, 46° (10 mm) and 41° (11 mm) is within 40 % of the mean AC;, for

parent Model 6, 40° (10 mm) and 35° (11 mm) for the open loops;

the LFB/ACy, to UFB/ACy range for Model 7 overlaps the range defined by the UFB/AC, and the
LFB/AC, for Model 6 at all of the test conditions: 10 mm and 11 mm compressed overall diameters,

and 10 mm and 11 mm compressed overall diameters after decay, for both the open-loop and
closed-loop comparisons.
B.B3.3 Example 3: Multiple parents
Thie manufacturer has four open-loop posterior chamber parent models, whichlare indicatefl for both
cillary sulcus and capsular bag fixation:
a) | model 1: C-loop (14,0 mm overall diameter);
b) | model 2: modified C-loop (12,0 mm overall diameter);
¢) | model 3:J-loop (13,5 mm overall diameter);
d)| model 4: modified J-loop (13,0 mm overall diameter).
All relevant models of the manufacturer’s lens product range are considered. Tables B.7 to BJ10 list the
mgchanical data associated with the four hypothetical models. The manufacturer constructs|{graphs of
the compression properties associated with these four hypothetical parent models (see Figyres B.1 to
B.4). The force spread value is set equal to the standard deviation, g, for each model.
The data associated with the four parent{inodels at 10 mm constrained overall diameter if listed in

Table B.7. Figure B.1 shows the bar chart-derived from those data.

Table B.7 — Mechanical data for Models 1 to 4 at 10 mm

Parameter Model
1 2 3 4
F 90 x 10-5N 300 x 105N 500 x 10-5 N 250 x 105 Nj
o 25x 105N 45x 105N 75 x 10-5N 40 x 105N
UFB 144 x 10-5 Na 435 x 10-5N 725 x 105N 370 x 10-5N
LFB 58 x 10-5 Nab 165 x 10-5N 275 x 10-5N 130 x 10-5N
AC 50° 60° 20° 22°
UFB/AC 2,9 7,3 36 17
IF'RI/AI‘ 12 28 14 59
a  ¢>0,2F therefore fwas restricted to 0,2 F.
b F<150 x 10-5 N, therefore LFB = Fy, - (Fp/50 x 10-5) o, was used.

Table B.8 lists the data associated with the four parent models at 11 mm constrained overall diameter
and Figure B.2 shows the bar chart derived from those data.

© IS0 2017 - All rights reserved
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Table B.8 — Mechanical data for Models 1 to 4 at 11 mm

Parameter Model
1 2 3 4
F 80 x 105N 180 x 105N 450 x 10-5 N 200 x 10-5N
o 16 x 10-5N 20 x 10-5N 50 x 10-5N 25x10-5N
UFB 128 x 105N 240 x 105N 600 x 10-5N 275 x 105N
LFB 54 x 10-5 Na 120 x 10-5N 300 x 10-5N 125x10-5N
AC 40° 42° 23° 22°
UFB/AC 3,2 5,7 26 12
LFB/AC 1,4 2,9 13 57

a

F <150 x 10-5 N, therefore LFB = F}, - (Fp/50 x 10-5) o was used.

ists the data associated with the four parent models at 10 mm constrained oyerall diame

Table B.9
after decdy and Figure B.3 shows the bar chart derived from those data.
Table B.9 — Mechanical data for Models 1 to 4 at 10 mm afterdecay
Parameter Model
1 2 3 4
F 50 x 10-5N 130 x 105N 240-%x10-5 N 120 x 105N
o 12 x10-5N 20 x10-5N 30 x 105N 20x10-5N
UFB 80 x 10-5 Na 190 x 105N 330 x 105N 180 x 105N
LFB 40 x 10-5 Nab 78 x 10-5 Nb 150 x 10-5N 72 x 10-5 Nb
AC 52° 62° 22° 24°
UFB/AC 1,5 3,1 15 7,5
LFB/AC 0,8 1,3 6,8 3,0

a

b

0> 0,2 F, therefore o was restricted to 0,2
F <150 x 10-5 N, therefore LFB = Fp -((F?/50 x 10-5)0}, was used.

| lists the data associated with'the four parent models at 11 mm constrained overall diame

Ler

Ler

Table B.1(
after decqy and Figure B.4 shows the bar chart derived from those data.
Table B.10 —Mechanical data for Models 1 to 4 at 11 mm after decay
Parameter Model
1 2 3 4
F 45 x 105N 80 x 105N 200 x 105N 90 x 105N
[0} 10 x 105N 12 x 105N 25x 105N 15x 105N
UFB 72x10-5Na 116 x 105N 275 x10-5N 135x 105N
LFB 37x10->Nab 61 x10>NC¢ 125 x10-> N 63 x10>N¢
AC 42° 44° 25° 24°
UFB/AC 1,7 2,6 11 5,6
LFB/AC 0,9 1,4 5 2,6

In this example, the manufacturer has modified one of the open-loop parent models and designated it
Model 8. The modified model differs from its parent model in loop configuration and overall diameter. To
determine if Model 8 is a Level A modification, its compression properties were determined and found

18

a  ¢g>0,2F, therefore o was restricted to 0,2 F.
b F<50x10-5N, therefore LFB = Fj, - op was used.
¢ F<150 x 10-5 N, therefore LFB = Fy, - (Fp/50 x 10-5) o}, was used.
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