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OO0 David J. Apple MD (1941-2011)

Pioneer of the intraocular lens pathology
Laboratory in the USA : 1980-2011

(Salt Lake City/Charleston)

Laboratory relocation to Heidelberg: 2012
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—QO Examination techniques developed in the D. J. Apple laboratory
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—OO New developments in the David J. Apple laboratory in HD
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—OO New developments in the David J. Apple laboratory in HD
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*Son HS, Shin KU, Kim D, Merz P, Tandogan T, Khoramnia R, Auffarth GU, Friedmann E, Chae S, Lee KH, Choi CY. Lenticular imaging: a new experimental and quantitative analysis of capsular dynamics,
“Choi-Apple view”. Trans Vis Sci Tech. 2019;8(3):22, https://doi.org/ 10.1167/tvst.8.3.22 U K
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OO0 Analysis methods for injector systems

= Static examination methods
Light microscopy
Scanning electron microscopy
Physical optical measurements

" Dynamic examination methods
,Miyake-Apple Posterior View"
,Endoscopic View"“
,High-speed" camera analyses
,Apple-Choi Side View"
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Static examination methods

Scanning electron microscopic examination of the
injector cartridges
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OO0 SEM Study on Injector Cartridge Damage*

Clareon
Autonome

before implantation after implantation

*Data on file: David J Apple International Laboratory for Ocular Pathology, University Eye Clinic Heidelberg, Germany L_,l K |
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" (O__SEM Study on Injector Cartridge Damage*

Clareon
Autonome

o

before implantation

*Data on file: David J Apple International Laboratory for Ocular Pathology, University Eye Clinic Heidelberg, Germany

Universitats-Augenklinik Heidelberg



OO0 SEM Study on Injector Cartridge Damage*

I-sert Hoya
after implantation

*Data on file: David J Apple International Laboratory for Ocular Pathology, University Eye Clinic Heidelberg, Germany
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(O0O__SEM Study on Injector Cartridge Damage*

I-sert Hoya
after implantation
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*Data on file: David J Apple International Laboratory for Ocular Pathology, University Eye Clinic Heidelberg, Germany L_,l K
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Static examination methods

Heidelberg light microscopy damage category scheme
for injector cartridges
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OO0 Materials and Methods*

MiGFDSCDﬂE: Dlympus B 50} v 148 imjaciors with ditterent rafractiva power from 9
Injectors: 148 preloaded and rmgnuzlly-logded systemes weara
collected aftar implartation in cataract surgerny.
«  The damage an the injectors was obsrreed and
graded under microscope. Piclures of the damags
Were ta4en,
«  The damage scores of the injeciors were compared

Table 1: data of different injector systems within tha sama system and amanp ditferent systarmes.

Company Injector Number

Alcon UltraSert 16

AMO Sensar 12

ZEISS ACCUJECT 15 Table 2: damage degree of injectors and corresponding grades

HOYA iSert 21

AMO TECNIS iTec 30 Damage Degree Grade Damage score

Rayner RaySert Plus 7 No damages 0 -1

SIFI Miniwell Ready 17 Slight scratches 1 1

Alcon MONARCH Il Cartridge 15 Significant scratches 2 2

Alcon AcrySert 15 Extensions 3 3

Sum 148 Slight cracks 4 4
Significant cracks and burst 5 5

*Data on file: David J. Apple International Laboratory for Ocular Pathology, Dept. of Ophthalmology, University-Eye-Clinic Heidelberg
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(O ___Damage categories (Heidelberger Scheme)

E slight scratches

® extensions W slight cracks @ cracks and burst

*Data on file: David J. Apple International Laboratory for Ocular Pathology, Dept. of Ophthalmology, University-Eye-Clinic Heidelberg l.___] K '-

Universitats-Augenklinik Heidelberg HD )




OO0 Alcon AcrySert injector system*
*hydrophobic IOL material

& no damage

E slight scratches

Hextensions

uslight cracks

wdeep scratches

Alcon AcrySert Injector
{N=15)

*Data on file: David J. Apple International Laboratory for Ocular Pathology, Dept. of Ophthalmology, University-Eye-Clinic Heidelberg
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OO0 Alcon UltraSert injector system*

*hydrophobic IOL material

Alcon UltraSert Injector
{N=16}

= slight scratches

*Data on file: David J. Apple International Laboratory for Ocular Pathology, Dept. of Ophthalmology, University-Eye-Clinic Heidelberg
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OO0 Zeiss Accuject injector (2.2)*

*hydrophilic I0L material

Zeiss ACCUJECT Injector
(N=15)

 slight scratches

M extensions

i cracks and burst

*Data on file: David J. Apple International Laboratory for Ocular Pathology, Dept. of Ophthalmology, University-Eye-Clinic Heidelberg
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OO0 Rayner RaySert Plus injector system*

*hydrophilic I0L material

Raynier C-flex
. {N=7]

-

,.u
& slight scratches

*Data on file: David J. Apple International Laboratory for Ocular Pathology, Dept. of Ophthalmology, University-Eye-Clinic Heidelberg
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(O __Mean damage profile of the injector systems

Mean damage profile of the injectors*
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*Data on file: David J. Apple International Laboratory for Ocular Pathology, Dept. of Ophthalmology, University-Eye-Clinic Heidelberg
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Ex-vivo autopsy eye studies
Dynamic examination methods

Measurement of the resistance force during implantation with
different injector systems

o
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—OO Materials and Methods*

FGP-2, (MDS, Nihon Densan Shinpo) Pressed by hand

Movement

direction
K

o

o Injector

EYE fixation system (Meitz Co.)

Resistance measurement: FGV-10XY,
Shimpo instruments

Software: Shimpo Toriemon Force
Gauge Software
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*Data on file: David J. Apple International Laboratory for Ocular Pathology, Dept. of Ophthalmology, University-Eye-Clinic Heidelberg
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OO Results: Resistance force measurement

Total resistance force measurement during the implantation procedure

" Zeiss CT LUCIA ® 601PY analysis:
30 (ACCUJECT™ 2.2) max. resistance value
25 implantation procedure:
=2 < |IOL enters the anterior chamber
-
e < Pushing the IOL through the corneal
b incision
s < Pushing the IOL through the injector
F
a L 25 5 78— analysis:
Time [sec]
area under the curve

*Data on file: David J. Apple International Laboratory for Ocular Pathology, Dept. of Ophthalmology, University-Eye-Clinic Heidelberg
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OO Results: Resistance force measurement*®

Alcon Acrysof 1O ALDOTO
[Ultrasert)

Midek Aktis 5PNS 60YG
[Mex-Load-System SP 5Z-1)

Cristalens ARTIS ® PLE
{ACCUIET™ 1.8)

LE ] i1

KOWA AWVAMSEE™ Preset 1P
lAvanseePreload)

a8 i L1 ] L]

*Data on file: David J. Apple International Laboratory for Ocular Pathology, Dept. of Ophthalmology, University-Eye-Clinic Heidelberg
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OO0 Results: Resistance force measurement*

25 -

Comparison of Mean Injector Resistance Force
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*Data on file: David J. Apple International Laboratory for Ocular Pathology, Dept. of Ophthalmology, University-Eye-Clinic Heidelberg
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Ex-vivo autopsy eye studies

Dynamic examination methods
Implantation procedure
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OO0 Dynamic analysis methods

Endoscopic anterior Miyake-Apple
chamber perspective Posterior View

Beaver Visitec E4 intraocular endoskope

— — LK
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OO0 Example: iSert™ injector: development cycles

i HOYA
- | iSert® 230 IOL

.

HOYA
iSert® 251

S g

HOYA

iSert® Vivinex
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OO MultiSert™ injector: push- or screw-mode

SinglerFanced
Fush Imalatatns

A

Soey Implontation | elivens tarcual Incision Wadnd Tunnel
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(O MultiSert” implantation: Push-mode with , insert shield“*

" One-handed "push implantation”

" |nsertion with "Insert shield"
through the corneal
tunnel

Beaver Visitec E4 intraocular endoscope

*Data on file: The David J. Apple International Laboratory for Ocular Pathology, University Eye Clinic, Heidelberg
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(O _Implantation in push-mode with "insert shield”

1k

" One-handed "push
implantation”

" |nsertion with "Insert shield"
through the corneal
tunnel

*Data on file: The David J. Apple International Laboratory for Ocular Pathology, University Eye Clinic, Heidelberg
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Dynamic analysis
,Apple-Choi-Side View*

Effects of injector implantation on the
capsular bag and zonules
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,Apple-Choi-Side View*
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et st — Purpose: To develop a method for quantitative
Lengizular Imaging: & New Experimental and Cuaantitative . .
Analyss of Capsatar Dynamics, “Chas Apgle View™ estimation of capsular bag and zonular

sk bl 2, [PATEE- Ih'\.ﬂu.lu'l' Pavacedian' Taws Tardegee' , furds
Fvrarwis' Sard o, ialwrt, [Frinds Trisoruer . losies Chae”, dpurg busn Las,

o Ot | dynamics using real-time imaging of human
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translational vision science & technology
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*Son HS, Shin KU, Kim D, Merz P, Tandogan T, Khoramnia R, Auffarth GU, Friedmann E, Chae S, Lee KH, Choi CY. Lenticular imaging: a new experimental and quantitative analysis of capsular dynamics,

“Choi-Apple view”. Trans Vis Sci Tech. 2019;8(3):22, https://doi.org/ 10.1167/tvst.8.3.22 ' "{: i
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,Apple-Choi-Side View“*
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*Son HS, Shin KU, Kim D, Merz P, Tandogan T, Khoramnia R, Auffarth GU, Friedmann E, Chae S, Lee KH, Choi CY. Lenticular imaging: a new experimental and quantitative analysis of capsular dynamics,
“Choi-Apple view”. Trans Vis Sci Tech. 2019;8(3):22, https://doi.org/ 10.1167/tvst.8.3.22
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vision science

translational

O ,Apple-Choi-Side View“*

{ily

T T e
vt
i,
Ly i
il |

& technology

| i
ra ] il
LI b ——— T L
g & 5 Bl N
I i .‘It“ | St B e by owpe w30l ke megnet s oahg 3k Vel = ol
- i | | o v vl ler e
~ | e i
K g i
: ; { -
e ' = RS & Eh sl (i 1 , =
- W e ] i
1 ; .I || i j 11l 1
: ki | W [ |'| -
A} |I] ; 1 P B
! | . ok :| i i
I fe ey ".;. 1.'.,_.._-_ — __;.. -2ty i |..'-..:- - : .": \ ! _”II!H:
. ¥ b e E i LY Y SAmEE | . Lf i 1Kl
Fi P Tl R e T P Y, , h !! _
A i = i o i 1
re v il .I- ™~ = o I. ax - ne .I. s ' !' | T | | (1 il 3

procodure, s . z

Fuwrs 0 Feeldire gpanbis by g of 03 nzvantalion cemgimee aleelppe 0D O0D 8 0T Baplica ST REsanize TRl 00 b =p om0 smad o8 0, 802 00000 B0 L5 (PSR i s am i
s - e LT T
PLEdlon, Soaial

*Son HS, Shin KU, Kim D, Merz P, Tandogan T, Khoramnia R, Auffarth GU, Friedmann E, Chae S, Lee KH, Choi CY. Lenticular imaging: a new experimental and quantitative analysis of capsular dynamics,
“Choi-Apple view”. Trans Vis Sci Tech. 2019;8(3):22, https://doi.org/ 10.1167/tvst.8.3.22 ' "-{
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O Apple-Choi-Side View*
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*Son HS, Shin KU, Kim D, Merz P, Tandogan T, Khoramnia R, Auffarth GU, Friedmann E, Chae S, Lee KH, Choi CY. Lenticular imaging: a new experimental and quantitative analysis of capsular dynamics,
“Choi-Apple view”. Trans Vis Sci Tech. 2019;8(3):22, https://doi.org/ 10.1167/tvst.8.3.22
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(O Studies in the David J. Apple laboratory in Heidelberg

= Static and dynamic evaluation of injector systems and their implants

" Human autopsy eyes and/or pig eyes as a model

" (Classic Miyake-Aple technique

" New techniques e.g. high-speed camera/intraocular endoscope/
Choi-Apple View

" Results show errors/problems with injector systems

" Development studies/comparative studies/measurable data

Universitats-Augenklinik Heidelberg HD )
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