A Comparative Study Between Vitrectomy
with & without ILM Peeling for Tractional
Diabetic Macular Edema as Regards
Anatomical and Electrophysiological
Changes of the Macula

Chesis
Submitted for Partial Sulfillment of
Master (Pegree in Ophthalmology

Presentad by

Almed Mansour CJorahim Sayed
MB-B.Ch (Saculty of Medicine, Ain Shams (Iniversity)

Prof. Dr. Tarek Ahmed Ma'moun
Professor of Ophthalmology
Ophthalmology Department

Faculty of Medicine, Ain Shams University

Prof. Dr. Amany Abd El-Fattah El-Shazly

Professor of Ophthalmology
Ophthalmology Department
Faculty of Medicine, Ain Shams University

Prof. Dr. Tamer Fahmy Eliwa
Assistant Professor of Ophthalmology
Ophthalmology Department
Faculty of Medicine, Ain Shams University

Oraculty of Medicine
Ain Shams (Iniversity

2018



Title Page No.

List 0f Tables ....cccooieieieeeeeeeeeeeee s i
List of FiQUIes ......cooiiiiiiieeeee e iv
List of Abbreviations ..o iv
INtrOdUCEION.....uiiiiiiiiiiiiiiiiiiiiiiit et 1
Aim of the WorkK ..cccoeeeeeieeeeeeeeeeeee e 5
Review of Yiterature

» Chapter (1): Epidemiology .......ccccoeeeeeiieeiieiiieeieeeceeeeeeeee, 6

» Chapter (2): Anatomy & pathophysiology...................... 14

» Chapter (3): Clinical Picture.........cccccccoeeeeiiiiiiiiiiinn. 22

» Chapter (4): InvestigtionsS........ccccevvviiiieeeei e, 25

» Chapter (5): Treatment............cooeviiiiiiiieeeriiiiiiicen, 40
Patients and Methods ........ccoovvieiiiiiiiiiiiiiiii e, 49
RESULES ... 62
DiSCUSSION ...ttt eeeeeaeaeeaaeeees 127
Limitations and Recommendation ..................eevvuviiiiiiieininnennnnn. 135
Summary & Conclusion ..........ccooevvviiiiiieeeiieeececceee e, 136
References ....ccooiiiviiiiiiiiieeeeeeeeee e 139

Arabic SUMIMATY ....ooeeiiiiiiiiiiiieee e e e e e e eeeeeeraaaaes -



Table No.

Table (1):

Table (2):

Table (3):

Table (4):

Table (5):

Table (6):

Table (7):

Table (8):

Table (9):

Table (10):

Table (11):

Table (12):

Table (13):

List of Calbiles

Title

Abbreviated Early Treatment Diabetic
Retinopathy Study (ETDRS) Classification

Page No.

of Diabetic Retinopathy...........cccccoevvviiieenninnnni, 23
Distribution of gender of the studied 4
BTOUPS . eettuuneeertiuieeeertaiieeeeerrnnnseeerannnseesssnnseesssnnnss 62

Showing the comparison between the 3
studied groups regarding gender: (Marked
differences are significant at p < 0.05)............... 63

Clinical and demographic characteristics
of the studied groups .......cccceevvviiiiiiiiiiiiininn, 64

Comparison between the studied groups
regarding preoperative & postoperative

VA and SE: ... 67
Preoperative Five- Rings Response
Densities of the Studied Groups ........cccceeeeeeeenes 69
Preoperative Five- rings P1 amplitude of
the studied groups: ......cccceeeeeiiiiiiiiiiiieeeee e 71
Preoperative Five- ringsP1 latency of the
studied groups........cceevvvviiiieeeee e 72
Preoperative Macular retinal thickness of
the studied groups: ........ccccvvvvvivvieriieiiiiiiiiiieenas 75
Postoperative  Five- rings response
densities of the studied groups: ........cccceeeeeeees 78

Postoperative Five- rings P1 amplitude of
the studied groups ........cccccvvvvvevvveviviiiiiiiiieiiiiennans 80

Postoperative Five- rings P1 latency of the
studied groups........cceevveviiiiiieeee e 82

Postoperative Macular retinal thickness of
the studied groups ........cccccvvvvvevvvevieiiiieiiiiiiiiennans 84



Table (14):

Table (15):

Table (16):

Table (17):

Table (18):

Table (19):

Table (20):

Table (21):

Table (22):

Table (23):

Table (24):

Table (25):

Table (26):

Table (27):

Comparison between preoperative and

Comparison between preoperative and
postoperative  Five- rings response
densities of the group 1: ..........cooviiiiiiiieeeneeennn, 89

Comparison Between Preoperative and
Postoperative Five- Rings P1 Amplitude of

the Group 1:..ccooooiiiiiiiiicceeee e, 91
Preoperative Vs Postoperative Five- rings
latency of the groupl: ......cccccooiiiiiiiiiiiiiieeeeeeeee, 93
Preoperative Vs Postoperative Macular
retinal thickness of the group 1: ..........c.eevvens 95
Comparison between preoperative and
postoperative BCVA in group 2:..........cuvvvvvvvnnnes 98
Preoperative and postoperative Five- rings
response densities of the group 2:.................... 100
Preoperative and Postoperative Five-
Rings P1 Amplitude of the Group 2:................ 102
Preoperative and Postoperative Five Rings
P1Latency of the Group 2:.........coovvveeeerniiennns 104
Preoperative and Postoperative Macular
retinal Thickness of the group 2: ..................... 106
Correlations between Central foveal
thicknesses and different parameters in
SroUP L: oo e 113

Correlations between inner macular ring
thicknesses and different parameters in
SrouP L: oo e 116

Correlations between outer macular ring
thicknesses and different parameters in
SroUP L: oo e 117

Multiple regression analysis of different
factors affecting CFT in groupl: .......ccc.cnn..e. 118



Table (28):

Table (29):

Table (30):

Table (31):

Table (32):

Correlations between postoperative
Central foveal thicknesses and different

parameters in Group 2: ...........eeeeeeevvvevevvvevennnns

Correlations between inner macular ring
thicknesses and different parameters in

STOUP 27 ciiiiieeeeiiiieeeeeiieee e eerte e e eerree e e e eeaaaeeaees

Correlations between outer macular ring
thicknesses and different parameters in

STOUP 27 coiiiiieieiiiiieeeeeiiiiee e eetie e e eetae e e e eeeieeeaes

Multiple regression analysis of different

factors affecting CFT in group 2: ...................

Comparison between rate of change

..119

122

..123

124



Fig. No.
Figure (1):

Figure (2):
Figure (3):

Figure (4):

Figure (5):

Figure (6):

Figure (7):
Figure (8):

Figure (9):

Figure (10):

Title Page No.
Oxidative stress leads to BRB breakdown
and macular edema ............cccceuvvrrinniininnenininnnn, 15
Hyperglycemia leads to oxidative stress
and impacts distinct pathways ..............oeou... 15
Inflammatory cytokines and their role in
PDR ..o 17

Main mechanisms involved in VEGF
upregulation and its consequences in the

pathogenesis of diabetic retinopathy. ............... 19
Schematic view of clinically significant
macular edema.........cooeeeeeeieiieiieieeeeeeeeeeeee s 24

Fundoscopic view (Left Fig.) and
fluorescein angiography (Right Fig.) of a
diabetic retinopathy patient with vascular
leakage in the temporal retina and focal
macular edema.........ooeeeiiiiiiiiiiiiiiie, 26
OCT classification of DME ...........cccccceeeiiinnnnn. 28
OCT images of patients classified as broad
type, based on diameter of the
vitreomacular adhesion, and V-shaped,
based on the pattern of the vitreomacular

adhesion (a—d).......cooveviiiiiiieiiiiiiee e 29
Multifocal Stimuli by pseudo random m-
SEQUETICE .uuneerrvnnneeeeiinneeererenneeeerrenaeeerssneeessssnnnns 33
A schematic diagram showing the
waveform, timing and cellular

contribution of the first-order kernels of
the multifocal electroretinogram ...................... 35



Fig. No.
Figure (11):

Figure (12):

Figure (13):
Figure (14):
Figure (15):
Figure (16):

Figure (17):
Figure (18):
Figure (19):
Figure (20):
Figure (21):
Figure (22):
Figure (23):

Figure (24):

Figure (25):
Figure (26):

Figure (27):

multifocal

Page No.

(A) A 103 scaled hexagonal pattern for
electroretinogram
measurement. (B) A mfERG first-order
kernel trace array (103 waveforms). (C)
Ring traces from Ring 1 to Ring 6. (D) A
three-dimensional plot of mfERG traces
with indicated location of the blind spot...........
3D map of multifocal ERG shows high
central foveal response and blind spot..............
Positioning of the mf-ERG electrode.................
The active electrode: HK- loop
Reference and ground electrode
The conductive paste used to fix the
reference and the ground electrodes to the

(mfERG)

Multifocal ERG by the RETIscan device ..........
Ring display of the multifocal ERG ..................
Quadrant display of the multifocal ERG ..........
Distribution of gender of the groupl.................
Distribution of gender of the group2.................
Comparison between the studied groups
regarding age and duration of DM
Comparison between the studied groups
regarding AL & IOP
Comparison between the studied groups
regarding preoperative and postoperative
VA e 68
Rings — Amplitude P1 of Lt eye of the one
of the patients
Preoperative
densities of the studied groups
Preoperative Five- rings P1 amplitude of
the studied groups. .......ccoevvviiiieeeiie, 72

response



Fig. No.
Figure (28):

Figure (29):
Figure (30):
Figure (31):
Figure (32):
Figure (33):
Figure (34):
Figure (35):
Figure (36):
Figure (37):
Figure (38):
Figure (39):
Figure (40):
Figure (41):
Figure (42):
Figure (43):

Figure (44):

Title Page No.
Preoperative Five- rings P1 latency of the
studied groupsS......ccccecuvveevueeeiiiiiiiiiiiiieiiieeeraeaaaaans 73
Segmentation of superior, inferior, nasal,
and temporal quadrants.............cccceeeiiiiirnnnnnnn. 74
Preoperative Central Foveal thickness &
Inner Macular Ring Thickness.......................... 76
Preoperative = Outer  Macular Ring
Thickness. ..cccvvviiiiiiiiiieee e 77
Postoperative  Five- rings response
densities of the studied groups............c............. 79
Postoperative Five- rings P1 amplitude of
the studied groups. .....cccooeeeeeeeieeieeeieeeeeeeeeee, 81
Postoperative Five- rings P1 latency of the
studied groups......ccccceeeeeeeiiieeiiiiceeee e, 83
Postoperative Central Foveal thickness
&inner macular ring thickness ...........ccccuvvueee. 85
Postoperative  Outer macular ring
thickness. ...cccovviiiiiiiiii e 86
Preoperative Vs postoperative VA in
STOUP L.oueeiiiiiiiii e e 88
Preoperative Vs Postoperative Five- rings
response densities of group 1. .......ccceeeeeeennnnnnn. 90
Preoperative Vs Postoperative Five- rings
amplitude of group 1.........ccoeoviiiiiieeeiiieeeee, 92
Preoperative Vs Postoperative Five- rings
P1 latency of the group 1........ccceeeeiieeeeeeeennnn. 94
Preoperative Vs Postoperative Central
Foveal thickness of the group 1......................... 96
Preoperative Vs Postoperative inner
macular ring thickness of the group 1............... 97
Preoperative Vs Postoperative outer
macular thickness of the group 1...................... 97

Preoperative Vs postoperative VA in



Fig. No.
Figure (45):

Figure (46):
Figure (47):
Figure (48):
Figure (49):
Figure (50):
Figure (51):
Figure (52):
Figure (53):
Figure (54):
Figure (55):

Figure (56):

Figure (58):
Figure (59):

Figure (60):

Title Page No.
Preoperative Vs Postoperative Five- rings
response densities of group 2. .........ccceeennnnnnnn. 101
Preoperative Vs Postoperative Five- rings
P1 amplitude of group 2 .........oevveeeriirininnnnn. 103
Preoperative and Postoperative Five-
rings P1 latency of the group 2. ...................... 105
Preoperative and Postoperative Central
Foveal thickness of group 2........cccceeeeeennnnnnn. 107
Preoperative and Postoperative Inner
Macular Ring thickness of Group 2................. 108
Preoperative and Postoperative Outer
Macular Ring Thickness of Group 2................ 108
Preoperative Vs Postoperative OCT case
N0. 5N Group 1 ..oovveiieeiiiiiiiiiicceee e, 109
Preoperative Vs Postoperative OCT case
NO0. 12 1N GTrouP 2 ..oevveeeeiiieeeeiiiiicceee e eeeeeeeeeeaeens 109
Preoperative Vs Postoperative OCT case
N0. 141N group 1 ....coeeeeeiiiiiiiiiiiicieeee e 110
Preoperative Vs Postoperative OCT case
NO0. 21N GTrOUP 2 cevvvveiieeeeeeeeeeeiiiieeeeeeeeeeeeeeeeeanes 110
Preoperative Vs Postoperative OCT case
N0. 13 1N GTroupP 2 ...eevveeiiiieiieiiiiciee e 111
Preoperative Vs Postoperative Five- rings
P1 amplitude case no. 5in group 1................. 111

Figure (57): Preoperative Vs Postoperative Five- rings P1
amplitude case no. 9 in group 2 ........cccuvveneeee 112
Preoperative Vs Postoperative 3D Plotting
caseno. 6 in group 1 ........oeevvvviiiieeneeeeeeenneeene, 112
Correlation between Postoperative BCVA
and CFT in groupl..........ccoovviiiiiiieeee e, 114
Correlation between Postoperative RRD1
and CFT in group 1.......cccoooovvviniinniniiinininnennnnns 114

Figure (61):

Correlation between Postoperative R1 P1
amplitude and CFT in groupl......................... 115



Fig. No. Title Page No.
Figure (62): Correlation between Postoperative R1 P1

latency and CFT in group 1........cccceeeeennnnnnnnn. 115
Figure (63): Correlation Between Postoperative BCVA

and CFT in group2..........ccceevvvvvveieeeeeeeeeeeevenennes 120
Figure (64): Correlation Between Postoperative RRD1

and CFT in group 2.........cccovvvvivvcieeeeeeeeeeeeeennnn. 120
Figure (65): Correlation Between Postoperative R1 P1

amplitude and CFT in group 2........ccccvvvvvnnnene 121
Figure (66): Correlation Between Postoperative R1 P1

latency and CF'T in group 2.......cccceeeeeevvvvnnneee. 121

Figure (67): Rate of change between the two studied
groups regarding CFT. ...........cccoeeiiiiiiiieeeinnn. 126



E@m% Albdbreviations

Abb. Full term

19001 SUUUUU Micrometer

BV Microvolts

AGEs....cceeeee. Glycation End Products

AL e, Axial Length
ANG-2................. Angiopoietin -2
BCVA.................. Best Corrected Visual Acuity
BMI........c..e....... Body Mass Index
BRB......ccceeeee. Blood Retinal Barrier
cd/m2................... Candela Per Square Metre
CFT....ccvviiii Central Fovea Thickness
CSME................. Clinically Significant Macular Edema
CW ., Continuous Wave

| D RSO Diopters

DCCT.................. Diabetes Control And Complications Trial
DM ..o, Diabetes Mellitus
DME.......ccccceee... Diabetic Macular Edema
DN....cov Diabetic Nephropathy
DR....ccoovr Diabetic Retinopathy
ELM.................... External limiting membrance
ERG .......ccuunee.... Electroretinogram
ERM.......cccuu....... Epiretinal Membrane

ETDRS................ Early Treatment Diabetic Retinopathy Study



List of Aldreviations

Abb. Full term

FDA................... Food and Drug Administration

FFA ..o, Fundus Fluorescein Angiography

GCC ...covveeeeeee Ganglion cell complex

HIF-1.................. Hypoxia Inducible Factor 1

IDF ..o, International Diabetes Federation

IIM. .., Inferior inner macula

| 1 Interleukin

ILM ..o Internal limiting membrane
IOM....ovviiiiiiiinas Inferior outer macula.

IOP......coovvennen Intraocular pressure

IRMA .................. Intraretinal Microvascular Abnormality
ISCEV.....uvenes International Society of Electrophysiology of
Vision

kOhm................... Kilo Ohm

LALES................ Los Angeles Latino Eye
LogMAR.............. Logarithm of the minimum angle resolution
MENA.......ccc...... Middle East and North Africa
mf-ERG.............. Multifocal ERG

LY 51 o DR Minutes

100001 WU Millimeter

1001 JOUPPU Milliseconds

NIM.....ccoovvveeeennn. Nasal inner macula

10001 WPt Nanometer

NOM..cooveenenn. Nasal Outer Macula



List of Aldreviations

Abb. Full term

NPDR.......cccuuee Nonproliferative Diabetic Retinopathy
NV, Nanovalt

nV/deg2............... Nanovolt Per Degree Square
OCT......cevvrrnn. Optical coherence tomography
ONH.................... Optic nerve head

PDGF........cc....... Platelet-Derived Growth Factor
PDR.....ccvvverrinns Proliferative Diabetic Retinopathy
PKC.....oovvvvviiiins Protein Kinase C

PPV....... Pars Plana Vitrectomy
PVD...cooiis Posterior vitreous detachment
RD..ooooiiieee. Retinal detachment

RNFL........cc...... Retinal nerve fiber layer
RPE..................... Retinal pigment epithelium

RRD ... Retinal Response Density

SD e Standard Deviation

SD-OCT .............. Spectral domain optical coherence tomography
SE..cooeeeiiiiiiirninnnn. Spherical Equivalent

SIM .....cooevvevin. Superior inner macula
SOM.......ccoovue. Superior outer macula
TD-OCT............... Time domain optical coherence tomography
TGF-B..coovvvrinnnnnn. Transforming Growth Factor Beta

TIM.....ccoounn. Temporal inner macula



List of Aldreviations

Abb. Full term

TNF-0...cccovvnnee. Tumor Necrosis Factor-Alpha
TOM.....ovvvnnnn.. Temporal outer macula

UK..ooooieeeeenn. United Kingdom

UKPDS ............... United Kingdom Prospective Diabetes Study
VEGF.................. Vascular Endothelial Growth Factor
VMA......ccooeene. Vitreo-Macular Adhesion

VMT ...ccccoeviinns Vitreo-Macular Traction

VPF ....ccoeeeeeiie, Vascular Permeability Factor
VTDR................. Vision-Threatening Diabetic Retinopathy

WESDR Wisconsin Epidemiologic Study of Diabetic
Retinopathy

ABSTRACT

Purpose of this study is to compare & evaluate the influence of Pars Plana
Vitrectomy with or without internal limiting membrane (ILM) peeling, on
the visual acuity, macular thickness using spectral-domain optical
coherence tomography (SD-OCT) and macular function using multifocal
electroretinograms (mf-ERG) in tractional diabetic macular edema.

Methods: in our prospective interventional case series 30 patients were
included in our study. 15 patients did 23-gauge Pars plana Vitrectomy
with ILM peeling & 15 patients did 23-gauge Pars plana Vitrectomy
without ILM peeling.

Results: BCVA, CFT, other macular thicknesses together with multifocal
parameters has improved after 23 gauge pars plana vitrectomy with or
without ILM Peeling

Conclusion: BCVA, CFT, other macular thicknesses together with
multifocal parameters could provide objective criteria for the structural
and functional evaluation of DME before and after vitrectomy with or



without ILM peeling with no significant statistical difference between
both groups
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