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MATERIAL PRESENTED

TAKE HOME POINTS: DIABETIC RETINOPATHY MANAGEMENT

DIABETIC RETINOPATHY IS A PROGRESSIVE DISEASE DEPENDENT ON
DURATION OF TIME WITH ELEVATED FBS

LEADING CAUSE OF NEW CASES OF LEGAL BLINDNESS IN 18-64 y/o age
group

12% INCIDENCE IN PATIENTS > 45 and SYTEMIC DIABETES FOR > 10
years

9.9% PREVALENCE IN NORTH DAKOTA POPULATION

27% OF DIAGNOSED DIABETIC PATIENTS DEVELOP DME WITHIN 10
YEARS OF ONSET OF DIABETES

44% OF PATIENTS DIAGNOSED WITH MODERATE DIABETIC RETINOPATHY
DEVELOP SEVERE PROLIFERATIVE DISEASE WITHIN 5 YEARS OF
DIAGNOSIS

EARLY DIAGNOSIS OF MILD OR MODERATE DIABETIC RETINOPATHY
ALLOWS EARLIER OBSERVATION AND TIMED INTERVENTION WITH NEW
ANTIVEGF AGENTS AND INTRAOCULAR STEROID IMPLANTS TO
CONTROL RETINA HYPOXIA AND RETINA VESSEL LEAKAGE AND
INFLAMMATION

ANTIVEGF AGENTS DO NOT IMPROVE RETINA BLOOD FLOW SO
TARGETED RETINAL PHOTOCOAGULATION MAY BE PERFORMED FOR
RETML ISCHEMIA AND MAY PREVENT RECURRENT DIABETIC MACULA
EDE
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DIABETIC EYE DISEASE

BRIEF REVIEW

2020 DIABETES IN NORTH
DAKOTA \
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MEDICAL REVIEW OF ADULT DIABETES

ME Group of common metabolic disorders

Caused by a complex interaction of genetics and environmental factors

Lack of insulin > hyperglycemia

Diagnostic criteria : Fasting plasma glucose > 126 mg/dl, Hemoglobin A1C > 6.5%

Type 1 DM - Insulin-dependent diabetes (IDDM)
Results from pancreatic beta-cell destruction, usually leading to
absolute or near total insulin deficiency

Type 2 DM - Non-insulin-dependent diabetes (NIDDM)
Variable degrees of insulin resistance and impaired insulin secretion,
resulting in hyperglycemia and other metabolic derangements

insufficient insulin action.

DIABETIC RETINOPATHY

PREVALENCE IN USA

PREVALENCE IN NORTH DAKOTA
PREVALENCE IN CASS COUNTY
PREVALENCE RATE 9yr CHANGE ND
NEW DIABETES CASES REPORTED

POPULATION AGE AT RISK
adults

RECENT INCREASE IN OUR CLINIC OF ADOLESCENTS WITH TYPE 2
DM WITH VISION-THREATNING DIABETIC RETINOPATHY

(CDC DIVISION OF DIABETES TRANSLATION 2022 WEBSITE)

10.8%
9.9% (57,800 people)
7.7% (14,209 people)
8.2%(2011) TO 9.9%(2020)
3500

45 to 64 year-old

. . S (CENTRAL RETINAL
ASTERY ANDVEN

comnea
AOVEOS, '&mlc osc (BLiND 570T)
MR CPTIC NERVE

NORMAL EYE DIABETIC RETINOPATHY
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DIABETIC
RETINOPATHY

LEADING CAUSE OF NEW
CASES OF LEGAL BLINDNESS IN
ADULTS 18-64

(VISUAL ACUITY 20/200 OR
WORSE IN EACH EYE)

ADULTS >45 with diagnosed
diabetes for greater than 10
years—. i i

For those <10 years 4% had
diabetic retinopathy

(CDC 2017)

VISION LOSS IN ADULTS WITH
DIAGNOSED DIABETES >10 YEARS
IS 5.9% COMPARED TO THOSE
DIAGNOSED <10 YEARS IS 2%
(CDC,2017)
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Diabetic Retinopathy: Pathogenesis and clinical findings

Family History of T10M

Genetics: (DR3,0R4,00

Ethnicity: White youth, African American, Hispanic,
Asian-Pacific Islanders, and American Indigenous

Family History of T20M

2 Body Mass Index

T Age
Polycystic Ovarian Syndrome.
P Ethnicity: Indigenous Americans,
{Tvpe 1 Disbetes Meikt African American, Hispanic
Time (~10 years after onset)
Poor glycemic control < Type 2 Diabetes.
Hypertension Mellitus

v
Diabetic Retinopathy
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Abbreviations:
* TIDM - Type 1 diabetes mellitus

- T2DM - Type 2 diabetes mellitus

- DR - Diabetic retinopathy

- BRB — Blood-retinal barrier

- RPE - Retinal pigment epithelium

* VEGF — Vascular endothelial growth factor

Mild Non-proliferative DR

Pericyte death,

endothelial tight
junctions, and

arterioles.
Severe Non-proliferative DR

> Cotton-woolspots

the more.
layer

%
\

damages BRB.

*» Flame Hemorrhages

Damaged BRB.

> Venousbeading

S
:

leaks fluid into the -
Feiie Taizates Traction Retinal Vitreous fine,
Detachment Hemorrhage ‘macula, and/or retina

Macular Edema

&y Mechanism b Finding Published J
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Non-Profiferativa DR | /Diabatic Macular Edema Proiifarativa DR

A. High intravascular sugar

ncentration damages

the pericytes

= This weaks capillary walls,
which causes retinal
ischemia

nal ischemia:

+ VEGF -— & B « Aex Tt ot vison loss
1 vascular permeability /i . on |+ Co-sxisis with NPO POR
Fragile new vessels grow -
and rupture » Sk damaga
Fibrovascular tissue causes ' S e
retinal traction

Swelling In central retina

ancfar POR

Loss savers

AL (o AT, MK, - 1 -Erolerativ L. 12 — 47 #lnal Ehotcecas

Severe NPDR Proliferative Diabetic Retinopathy (PDR)

4-2-1 rule:
rants
Quadrants
uar

reous
and easlly rupture
Neovascularization can be divided into 2
categories:
Severe: any 1 of the criteria

Very severe: 2 of 3 criteria — Neovascularization elsewhere

Refer to a retina specialist as soon as
possible
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DRSS = Highly Predictive of PDR Development DIABETIC MACULA EDEMA
DEVELOPMENT

COMPLEX DEVELOPMENT IN DIABETIC EYES OVER TIME

LONG-TERM POORLY CONTROLLED DIABETIC CONDITION WITH ELEVATED BLOOD
GLUCOSE LEADS TO SMALL CAPILLARY VESSEL OBSTRUCTION IN THE MACULA

RESULTS IN CENTRAL VISION HYPOXIA (ISCHEMIC MACULA DEVELOPMENT)

MACULA LEAKAGE OF A PERMEABILITY COMPOUND (VASCULAR ENDOTHELIAL
GROWTH FACTOR-VEGF)

RESULTS IN VASCULAR LEAKAGE INTO THE RETINA AND DEVELOP! CYSTIC-
MACULA EDEMA WITH VISION LOSS AND MINIMAL SPONTANEQOUS RECOVERY

Eyes Progressing to POR

FREQUENCY OF DME INCREASES WITH DURATION AND SEVERITY OF DIABETES
\r 27% OF DIAGNOSED DIABETIC PATIENTS DEVELOP DME WITHIN 10

Sev oR T 4 YEARS OF ONSET OF DIABETES
Baseline Severity of DR
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DIABETIC MACULA EDEMA
HARD EXUDATES AND EDEMA
WITHIN THE RETINA
(MACULA AREA,
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DIABETIC MACULA
EDEMA

TREATMENTS

Diabetic Retinopathy

e s s
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TREATMENT BEGINS WITH PRIMARY CARE PHYSICIAN TEAM:

D I A B ET I C > EARLY RECOGNITION AND REGULATION OF SYSTEMIC DIABETIC DISEASE

> CONTROL HYPERGLYCEMIA(Hba1C), HYPERTENSION, HYPERLIPIDEMA(choles
triglycerides)

MAC U LA E D EMA INTRAOCULAR INJECTION THERAPY TO ATTACK VEGF L EAKAGE TARGETS IN 'mz
and POTENTIALLY REVERSE VISIONLOSS (NOT COMMON WITH LASER X}z
o AVASTIN bBEVAE\ZUMABD FDA-APPROVED 2004-COLORECTAL CANCER‘ half-
ANTI-VEGF AT, PR T

2005 OFF-LABEL USE FOR EYES (TARGETS CONFIRMED IN THE EYE AND AR SIMII.AR
RANIBIZAMAB AND AT LOWER COST TO THE PATIENT)

TREATMENT 201 GHTT TRALCONPRAED 4P M RETNATREATIT BT |

LUCENTIS (RANIBIZUMAB) FDA-APPROVED 2006, half-life 3.2 days wit!

BEGINNING IN v
o EA (AFLIBERCEPT) FDA-APPROVED 2011, half-life 4.8 days with 305

EYLI
effect, size of 110 kD

20 1 0 EACH OF THESE DRUGS ARE METABOLIZED AND REMOVED FROM THE EYE

TO MAXIMIZE FLUID REABSORPTION AND INCREASE VISION POTENTIAL EA(
REQUIRES A BOOSTER SHOT AT 28 DAYS
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DIABETIC
MACULA EDEMA
DIAGNOSIS

OPTICAL COHERENCE
"TOMOGRAPHY(2006)HAS BECOME
THE MAINSTAY FOR DIAGNOSIS

> NON-INVASIVE IMAGING TEST THAT "
USES LIGHT WAVES TO TAKE A NON-
CONTACT HIGH-RESOLUTION CROSS-
SECTIONAL PHOTOGRAPHIC IMAGES
OF THE RETINA v

»  IMAGING IS FOCUSED ON THE RETINA \
'WHICHI IS LOCATED ONE TO ONE AND.
ONE-HALF INCHES BEHIND THE
FRONT CORNEA OF THE EYE

»  DIABETIC MACULA EDEMA AREAS IN
THE RETINA WILL APPEAR AS
DIFFERENT PATTERNS OF FLUID
ACCUMULATION ON THE
DIAGNOSTIC SCAN

EVIDENCE-BASED DIABETIC MACULA EDEMA TREATMENT

NO APPROVED TREATMENT PRIOR TO 1985 NEI ETDRS LASER STUDY ",-

> 1985 FOCAL/GRID THERMAL LASER TREATMENT OF MACULA (ETDRS TRIAL) |
»  PROBLEM: PERMANENT MACULAR SCAR FORMATION WITH CENTRAL VISION
» 2010 FIRST-LINE THERAPY CHANGED TO INTRAOCULAR ANTI-VEGF

INJECTIONS

DME DEVELOPMENT VIA INFLAMMATION

» DME PATHOGENESIS VIA INFLAMMATION:

» Leukostasis develops on retinal capillaries leading to
upregulation of ICAM-1----(intracellular adhesion
molecule) which enhances vascular permeability and i
breakdown of the Blood Retinal Barrier leading to
vascular leakage and Diabetic Retinal Edema.

v

Leukocytes bound to the retinal capillary then produce
inflammatory cytokines which leads to increased
vascular permeability and fluid leakage.

v

Intraocular Corticosteroids significantly decrease the
synthesis of inflammatory mediators and VEGF synthesis
and improves BRB by inhibiting ICAM-1.




DME VIA RETINA INFLAMMATION

4

Incrssed achetion Moiecies
{ICAM-1 B VOAN-1)
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W e exuis

DIABETIC MACULA
EDEMA TREATMENT

»2022: FDA APPROVED VABYSMO
(FARICIMAB)

> THIS DRUG IS A BISPECIFIC
MOLECULE AND BLOCKS BOTH
VEGF-A AND ANGIOPOIETIN-2
PROTEIN LEAKAGE PATHWAYS

OF DIABETIC MACULA EDEMA

@ Vascular leakage from weakened endotheliat

Junctions
» GREATER POTENTIAL TO © Increased inflammation from leukocyte migration’
ENHANCE VISUAL ACUITY Wascular destabilization from pericyte dropout

COME AFTER LEAKAGE IS [ e ecHe Qe
BLockeD

@ Vascular sprouting and neovascularization®”

@ Potential fibronectin depesition, which may

LOADING DOSES COMPLETED cause vision Loss, from immature, leaky
choroidal vessels®

v

FDA-APPROVED FOR INJECTION

27

DME TREATMENT

ALGORITHM

29

11/15/2022

DEXAMETHASONE
INTRAOCULAR IMPLANT

»  OZURDEX- BIOGRADABLE IMPLANT OF
DEXAMETHASONE (FDA APPROVAL 2014)

» Delivers sustained release of 0.7mg
of dexamethasone to the
vitreous/retina

IMPLANT Dimensions: 0.46mm wide
and émm in length

Uses biodegradable drug delivel
matrix technology combined witl
the drug

The drug matrix dissolves completely
into its components: lactic acid,
glycolic acid and converted to co2
and H20 before elimination from the
vitreous caviety

Extended Duration of Action in the
eye of 3-4 months

v

v

v

v

DIABETIC
MACULA EDEMA
TREATMENT Conventional photocoagulation

» 2012: FDA APPROVED
MICROPULSE LASER
TREATMENT FOR DME

> LASER TREATMENT IN mme @
SHORT

Power

PULSES(MICROPULSES Micropulse laser photocoagulation
‘)N'/i\(/)g A CONTINUOUS

v

BAMAGE 10-THE
MACULA (NO SCAR A A 4 4 A A A
FORMATION) Time ®

SLOWER ONSET OF

ACTION BUT LASTING

EFFECT OF LASER

TREATMENT

Power

v
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DME CASE PRESENTATION

» 53 yo white female who was diagnosed with DM2 and Systemic HTN
in 2018. Now presents with blurred vision in each eye over the past
few months when she drives at night.

» PMH: DM2, HTN, Fluid retention, wt- 180lbs, ht- 5 ft 4in, HA1c- 7.0

» Meds: metoprolol, metformin, glipizide, lisinopril, farxiga,
torsemide, Tresiba

» FMH: DM2, HTN, Heart Disease
» Eye Exam:
» Va=20/50 each eye, I0P= 17 each eye,
» External exam: normal
» Anterior Segment: moderate cataracts each eye

30



DME CASE FUNDUS EXAM
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AFTER 5 AVASTIN INJECTIONS
SPACED 4 WEEKS APART THE

CENTRAL RETINAL THICKNESS IS
UNCHANGED AT 427 MICROMETERS
RIGHT AND 406 MICROMETERS LEFT

CRT IS 385 MICROMETER
RIGHT AND 329
MICROMETER LEFT AND
VISION HAS IMPROVED TO
20/25IN EACH EYE
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EARLY DIAGNOSIS IS KEY TO SAVING VISION

DRSS = Highly Predictive of PDR Development

Basaline Severity of DR

36
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VOLK INVIEW iPhone
Fundus Camera

$839.00

Family Practice MD reads
the image.

UNKNOWN CPT CODE TO
USE

37
AGE-RELATED
MACULA
DEGENERATION
39

MACULA DEGENERATION PATIENT
SYMPTOMS

Blurred vision (especially near vision)
Distortion

Central blind spot(s)

Peripheral (side) vision remains normal

Onset usually gradual (dry form with no vessel
leakage) but can be rapid or sudden (wet form
with vascular leakage)
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FUNDUS PHOTOGRAPHY WITH
NON-MYDRIATIC CAMERA IN THE
FAMILY PRACTICE CLINIC IS THE
FIRST STEP TO STABILIZING
DIABETIC EYESIGHT

Welch Allyn Retina Vue 700 Imager
Enclosed camera, Easy operation

Images can be sent via Internet to be
read by a Board-Certified

Ophthalmologist and report returned
within 24 hours.

CPT 92250 or 92228 applies
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MACULA DEGENERATION

« Leading cause of new visual loss in people over
55 in the US

+ Becoming more and more prevalent as life
expectancies extend

« Certainly, one the most common problems seen in ou
area

MACULA
DEGENERATION

AMSLER GRID
SCOTOMA

42



MACULA DEGENERATION

BLURRED READING Low vision optical aids help improve
vision fOr peuple with macular degener-
ation. Many different types of magni-
fying devices are available. Specctacles,
hand or stand magniters, talescopes,
and closed ¢ir it taley son for viewing
objects are ~-me of the available
resources. Awls are vither prescribed by
your ophthalw« | xist s by referral to a
low vision specialst or center ‘Special
lamps with beghter sllumination are
often beneficial. Books, newspapers,
and other items available in large print

offer further help. ;
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MACULA
DEGENERATION
“WET

45

MACULA DEGENERATION
SPECIAL DIAGNOSTIC STUDIES

Fundus Photography

Optical Coherence Tomography (OCT)
Fluorescein Angiography

ICG Angiography

Visual Field (central and peripheral vision)
testing

Electrodiagnostics (ERG, EOG, VEP)
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MACULA
DEGENERATION
VISION CHANGES

NORMAL VISION

BLURRED VISION
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MACULA
DEGENERATION
FLUORESCEIN
ANGIOGRAPHY

NORMAL STUDY
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MACULA
DEGENERATION
CENTRAL VISUAL

FIELD CHANGES :

CENTRAL BLIND SPOT
AT DISTANCE

48



GEOGRAP
HIC
ATROPHY

DEVELOPMENT OF
A CENTRAL
MACULA ATROPHIC
SCAR THAT
AFFECTS CENTRAL
VISION AND
PROGRESSES TO
LEGAL BLINDNESS

49
Evolution of Sub-Retinal Drusen
Degeneration

d
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ASYMPTOMATIC DRY MACULA
DEGENERATION

Healthy Fovea

<+ Retina

AL i

<+— Bruch’s
Membrane
<+— Choroid

« Elevation of fovea causes reduction and distortion of
vision

« Patients experience minor loss of visual acuity (VA) due to
the presence of central drusen

53
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HEALTHY MACULA CROSS
SECTION

Healthy Fovea

“— Retina
RPE

«— Bruch’s
Membrane
Choroid

* Retina receives nutrients and oxygen across RPE
* Retina disposes waste material
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SYMPTOMATIC DRY MACULA
DEGENERATION

Healthy Fovea

—
<«— Bruch’s
Membrane
< Choroid

Elevation of fovea causes reduction and distortion in vision
Patients experience loss of visual acuity due to accumulation of central drusen

54
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MACULA DEGENERATION PROGRESSION FROM DRY
(ATROPHY) TO WET(LEAKAGE OF FLUID AND BLOOD)

New, abnormal fragile blood vessels proliferate
and penetrate Bruch’s membrane Under the retina
New fragile blood vessels leak blood and fluid (serum)
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FDA-APPROVED WET MACULA
DEGENERATION
TREATMENT OPTIONS

L]
(=}
UNTIL 1980’S NO 1980’S TO 2005 FOCAL LASER 2005 TO TODAY
APPROVED TREATMENT TO SAVE CURRENT VISION INTRAOCULAR INJECTION OF

MEDICATION TO IMPROVE

57

NEW FDA-APPROVED
TREATMENTS
INTRAOCULAR INJECTIONS

W e exuis

»2022: FDA APPROVED VABYSMO
(FARICIMAB)

THIS DRUG IS A BISPECIFIC
MOLECULE AND B

v

ANGIOPOIETIN-2 PROTEIN

LEAKAGE PATHWAYS OF (@ Vascular leakage from weakened endotheial
MACULA MICROCIRCULATION Junctions”
»  GREATER POTENTIAL TO @ Increased inflammation from leukocyte migration™*

ENHANCE VISUAL ACUITY Vascular destabilization from pericyte dropout
QUTCONE AFTER LEAKAGE IS Qi Py sreps

@ Vascular sprouting and neovascularization®”

v

ryffgéﬁ PROEEE{&M @ Potential fibronectin deposition, which may
AFTER LOADING DOSES cause vision Loss, from immature, leaky
choroidal vessels**
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GEOGRAPHIC ATROPHY APPROVED
TREATMENT AREDS 2 FORMULATION

CBIRENTDOIENCERATED AREDS-2
» Vitamin C 500 mg
» Vitamin E 400 1U
» Beta Carotene 15 mg
» Zinc oxide 80 mg

» Cupric oxide 2mg
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Foca
SUBRI NOT
IVOLVING TH 1 CETRAL MACUCA WITH DENSE

((WETU AR FORMATON
» [NTRAQCULAR INJECTION THERAPY T

0 ATTACK
EGF L EAKAGE TARGETS IN THE CENTRAL MACULA
AND POTENTIALLY REVERSE VISION LOSS (NOT

MAC U LA COMMON WITH LASER TX):
> AYASTIN (BEVACIZUMAB)FON APPROVED
IN THE EYE CONFIRMED SIMILAR TO
RANIBIZAMAB AND LOWER COST TO THE
PATIENT) CATT TRIAL 2011 CONFIRMED
SAFETY AND TREATMENT EFFECT IN THE EYE
T I O N LUCENTIS. (RANIBIZUMAB) FDA-APPROVED

EACH DRUG REQUIRES A BOOSTER SHOT AT
28 DAYS TG MAXIMIZE THE S
AING 810D

LE LY
ORBER TONAIIZE FLUID REAB
AND INCREASE VISION POTENTIAL

EYLEA (AFLIBERCEPT) FDA-
APPROVED 2011

EACH OF THESE DRUGS ARE METABOLIZED
AND REMOVED FROM THE EVE WITHINA
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NEW SURGICAL
TREATMENTS FOR
2023
> PORT DELIVERY SYSTEM
DEVELOPMENT (ros seproveo 2022)
> SURGICALLY INSTALLED IN
THE EYE AND MEDICATION
INJECTED INTO THE DEVICE
EVERY 6 TO 12 MONTHS
QUTPATIENT CLINIC REFILL
OF DEVICE WHEN
INDICATED
MEDICATION IS FDA-

APPROVED REFORMULATED
LUCENTIS (ANTIVEGF)

v

v
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FUTURE TREATMENT PIPELINE
DRY MACULA DEGENERATION
TREATMENT

FUTURE OUTPATIENT SURGICAL
TREATMENTS
WET MACULA DEGENERATION

RBX-314 ( REGENXBIO) (X-
LINKED RETINITIS
PIGMENTOSA)
SUBRETINAL GENE
THERAPY (MACULA
DEGENERATION)

AAV-8 BASED VECTOR

DRY MACULA
DEGENERATION

PEGCETACOPLAN
INTRAVITREAL INJECTION
(COMPLEMENT SYSTEM
INHIBITOR)(APELLIS

ENDOGENOUS ANTI-VEG
ANTIBODY IN THE RETI BIOTECH)
INTRAVITREAL

AFTER PLACEMENT IN THE
SUBRETINAL SPACE BY THE
SURGEON

FDA APPLICATION IN 2023 HE GROWTH OF THE
GEOGRAPHIC ATROPHY
LESION IN 17% OF
SUBJECTS

FDA APPLICATION IN
2024
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