Slide 1

Course # 108

2025
AFOS/SECO

EDUCATION

=S Fbouio

Did | Know That?
The Eye Kidney Connection

Kimberly Darke, OD

Pleaze Silence All Mobile Devices.

attendseco.com

Slide 3

The Eye- Kidney Connection

Kim Darke OD, MPH, FAAD
kdorked Fégrnail .com

Slide 2

2025
AFQS/SECD

EDUCATION
BTN,

Kimberly Darke, OD

DiEclosure statements:
Mo finoncie! refationships to disclose

All relevarit refatsanships have been mitigated.

attendseco.com

Slide 4

Disclosures

| have no financial disclosures

O




Slide 5 Slide 6

Basic Kidney Anatomy Nephron
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Nephron Filtration of Blood

Jlus

rmall parficlas aul of fhe
arts of urine are produced o I |

tiomal unit of the kidney is the
Ureter —

Urine exits
to bladder

Slide 7 Slide 8

Eye-Kidney Connection ,
Waste and Drug Excretion

Nutrient Reabsorption
Renal Glomerulus and

Choroid
Blood Pressure Regulation

Maintenance of Plasma Osmolarity

Maintain Important Endocrine Functions
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Kidney Physiology
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Reduced Kidney Function Alters RAAS Potential Ocular Impact

— =
£ renal B rRaAs IOVS™H Retna | july 2018

Perfusion Activation Aldosterone Exposure Causes Increased
Retinal Edema and Severe Retinopathy
Following Laser-Induced Retinal Vein
Occlusion in Mice

Chronic
Kidney
Disease

Increased Aldosterone: U
Pramotes inflammation Aldosterone
Increases oxidative stress
Accelerates fibrosis
Increases proteinuria
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Kidney Physiology - Endocrine Functions

The kidneys secrete necessary signaling compounds:
+ Renin

= Erythropoeifin

« Activates Vitamin D

* Produces Prostaglanding
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Kidney Physiology- Endocrine Functions

Prostaglandin Synthesis

Local production and release of prostaglandins helps to combat
vasoconsiriction in the renal glomerulus

¥ glomerular fitration rate

Kidney domage can result in reduced renal prostaglandin synthesis which

further damages the filtration ond regulatory capacity

Slide 14

Kidney Physiology - Endocrine Functions

Erythropoietin Production

n responsa o lecal or distant hypoxia the kidnays produce the bammones,
erythroposetin [EFO)

+ The kidneys are the major producer of EPO

«  Erythropoletin signals the borme marow to bagin or increase production of red
blood cells

EPO lavel in the vitraows and agqueacus have been lound to be higher in diabetic
pafients compared 1o non-diabelics
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Acquired Kidney Diseases

« Chronic Kidney Disease
= Diabetic Kidney Disease
+ End Stage Renal Disease
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Acquired Renal Disease

Chronic Kidney Disease (CKD)

= Qeccurs when a disease or condition impairs kidney funclion over a prolanged

parad of fime

Glomenlonephritis
Interstifial nephritis
Frolonged wrinary fract obstruction

Heart Diseose

Smoking

Family history of CED
Prawious Eidney Damage
Age

Diognostc Criterla:

= Decreased GFE [<40mLfmin ® 3 nmonths) OR Albuminurio (=30 madg)
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Atherosclerosis

ARMD

Retinal YVascular Damage
Choroidal Alterations
Diabetic Retinopathy

Endothelial Dysfunction

ARMD

Oxidative Stress

ARMD
Retinal Vascular Changes
Diabetic Retinopathy

Inflammation

.":‘.-{r'fJID
Retinal Vascular Changes
Diabetic Retinopathy

Genetic Mutations

ARMD
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Common SHARED Associations between
Kidney Disease and Ocular Pathology

Age

Smoking m

Diabetes
Hypertension O

Chesity

o

&

Hyperlipidemia
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Acquired Kidney Disease

"

Impacts of Impaired Renal Function

= Reduced drug aelimination

=00mLSming 1.73

Imbalance of fuid volume

&0-8% mL/min/1.73

« Reduced Dlood preassune reguialticn

5-5% mLfmin/1.73

Chronic Kidney Disease Staging

L/ ming1.73

= Most common mathod is based an eGFR

*  Impaortant o considern whan prescrbing

=27 mLSmin/1.73

cartain aral madicalions

=15 mL minf1.73
Ficirey Failure
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Acquired Renal Disease

Diabetic Nephropathy [ Diabetic Kidney Disease
*  The laading cause of end-stage renal deease in the United Slales

Microvascular damage rasults in reduced kidnay function
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Kidney Function Testing

Blood Urea Nitrogen

Estimated Glomerular Filtration Rate
Serum Crealinine

Creatinine Clearance
Microalburmin
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Acquired Renal Disease

./-’..
| Hypertension
End-5tage Renal Disease
Permanent and sevars loss o
kidney lunction
Requiras long-lerm dialbysis or
kidney frargplant to mairntan life
Diagrosed when elGFR

<] 5L rmin
Glomerular

Disease
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Kidney Function Testing

Blood Urea Nitrogen (BUN)

Measurement of urea nifrogean within the blood
Elevated blood urea nifrogen may signal poor kidney function

= Obtoired as part of o "comprehersive metobolic panel’

Additional Etiologies of Elevated BUN

Dehydration

._\x

Diabetes

High protein diet

= Age

7-20 mg/d|
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Kidney Function Testing Kidney Function Testing

Estimated Glomerular Filtration Rate {EGFR] Serum Creatinine
+ Craafinine is a byproduct of muscle and protein matabolism thal & removed solaly
by the kidneys

*  Blood test ESTIMATES how much bload i filtered through the ranal glomenli aach
rinule
eGFR is not drectly measwrad, the estimated rate is bosed on measurement of o Bevated levels of serum creatinine may indicate reduced kidney function
sarum substance and several patient characternshics (agea, sex, e . q -
Additional Efiologies of Elevated Creatinine

Common sarum substances used to measure aGFR

- . +  Ingastion of cooked maatl
« Creafinine
+ Medicalions

= Cystatin C

Cimetidine [antihistamine + anfacid)
Used o diagnese and stage kidney disaase .|nn=- S : _ rtF _ S
rimethiopaim [oral anfibiofic) - .
Adult Men: 0.74 — 1.35 mg/dl
Adult Women: 0.59-1.04 ma/dl

Maturally decredasas with age
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Kidney Function Testing Kidney Function Testing

Microalbumin

Creatinine Clearance (CrCl)

+ Volume of blood plasma cleared of ereatining per unit time + Aurine fest used to detect very small amaount of protein (alumin]

+ Requires a 24-hour uine sample folowed by a blsod draw + Albumin is preduced by the liver and in a healthy individudl reabsorbed by the kidney
+  Halpiulin the defection of kicdney damagpe

Additional Eticlogies of Elevated Microalbumin

= Creafinine level in haalthy individuals i higher in wine than in blood
» Decracsad crealining clearance may ind » decreased glomerular function
+  Favar

= Urinary fract infection

+  Vigorous exarcise pror fo sample callaction

Adult Men: 110-150mL/min
Adult Women: 100-130rmL/rmin




Slide 29

Anterior Segment

Manifestations of Kidney
Disease

+ Periorbital Edema
+ Band Keratopathy
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Anterior Segment Manifestations of Kidney
Disease

Band Keratopathy

*  Dacraased renal funchion leads to increase
in sarum leveak of calcium and phosphars

» Depoults of calcium and phosphons in
Bowrman's kayer af tha comea = band
karalopalhy
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Anterior Segment Manifestations of Kidney
Disease

Periorbital Edema

* Hypoalbuminemia leads to decrease in the infravascular oncotic
pressure and results in the extravascular accumulation of fluid

+ Reduced kidney function also alters the sodium balance

+ Increated sodium retention = incraased adema
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Anterior Segment Manifestations of Kidney
Disease

Band Keratopathy

* Phosphate is commonly used as o
buffer for topical ophthalmic
medications
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Phospha.te Containing Ophthalmic
Medications Retinal Manifestations

of Kidney Disease

Medications
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Retinal Manifestations of Kidney Disease Retinal Manifestations of Kidney Disease

Retinal Vascular Changes Vascular Density Alterations

nmay provide a noninvasive mathod for

e has been associated with retinal vascular

eathing

Ratio Altarations
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Retinal Manifestations of Kidney Disease Diabetic Retinopathy

Arteriole-Venous Ratio Alterations Microvascular damaae is the root cause of both diabetic

Diabetic Refinopathy L‘"’f};‘lgflg';:ﬂ of

Diabetic Kidney Leading cause of end-
stage kidmey disease

othalin-1 resulting in v

to be a pres

Slide 39 Slide 40

Hyperglycemia Kidney Impact in Diabetic Retinopathy

al studies have shown patients with diabetic refinopathy often also

have:
n ) n . n miruna
Inflammation Oxidative Stress Renin Release

@ Vascular Dysfunction

Retinal Ischemia Glomerular Damage

Neovascularization Renal Hypoxia and Eventual Afrophy




Slide 41 Slide 42

Diabetic Retinopathy Macular Degeneration

Type 1 Diabetes Type 2 Diabetes St
) ) . ) Patients with mild to moderate CKD have a higher risk of developing macular degeneration
thiy i ] than patlents without CKD
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Macvular Degeneration Macvular Degeneration

Mutation of Complement Membranoproliferative
Factor H aps
Glomerulonephritis

glomerular

stafions resennble bilateral dresen and RPE

relrated hal Exdrey

plement factor H ¢




Slide 45 Slide 46

Choroid Choroid

Highly vascularized structure responsible for prefusion of outer retinal
layers

Charaidal thickness has been show to thinner in patient with renal Mechanisms present in CKD that may impact choroidal thickness:
diseqse

Oxidative stress

Reduced choroidal thickness M., Subclinical inflammation
s associated with: Endothelial dysfunction
+ Lowear aGFR . . . .
Vascular aging and increased arterial stiffness
= Microalburminunica
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Ocular Considerations in End Stage Renal Ocular Considerations in Patients Receiving
Disease Dialysis

Mon-Arteritic Anterior Ischemic Optic
Neuropathy [NA-AION) - — :
Hemodialysis Crowded Optic Nerve
Pathogenesis: ischemia of the anterior optic Older Age
« One of the only freatments for ESRD nerve due alteraticn in blood flow through
» One of the most common adverse events at a dialysis center = the posteriar ciliary artery
HYPO tension + Examination Findings: reduced vision, visual Medication use

» Ultrafiltration leads to a rapid reduction in blood volume Lellehelgeint Al S ilebadin 2t a) ST e -
unilateral or asymmetric), swollen cptic AR ELAD IR A
nerve with possible splinter hemomrhages

Sleep Apnea

Systemic Vascular Disease
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Ocular Considerations in Patients Receiving
Dialysis Ocular Disease Management

Dialysis- Associated NA-AION in Patients with Kidney
[ oy anen T ounas en & Disease
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Hydroxychloroquine Retinopathy Monitoring Oral Medication Prescribing

Hydroxychloroquine

ted by the kidneys

rymes [COX-1 and Ci

Patients with reduced renal function fail to clear HCQ
completely which leads fo an increased risk of retinal toxicity




Slide 53 Slide 54

Oral Medication Prescribing Oral Medication Prescribing

Oral Antivirals

- . - = Acyclovie
MEAID: reduces local prostaglandin . .
raduetion F & Increase inflammatory cell
i infiltrates . Famciclovr
« W vasadiafion + M glomerular filtration e

+ Valacyclovir

| . . I + Renal clearance is the major route of eimination
+ W renalischemia ate I

* Renalimpairment reduces clearance and prolongs the
elimination of metabolites

» |ncreaies the sk of undasred eflects [naurotaxicily|
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Oral Medication Prescribing Oral Medication Prescribing

Herpes Ioster: 1g PO g8hours

Crealinine Clearance Normal Dose Renal Adjustment Dase
{CrCl)

0-10 roLfrmin/ 1.73m2 200rmig Sx per ceay 200mg q12 hours Creatinine Clearance (CrCl) Renal Adjustment Dose

0-10mLymin1 73 400rmg 912 hours 00mg 91 Zhours At least 50 mL/min/1.73m2 Mo adjustment

0-10rmLSmin 1.7 3m2 BODrmg g4 haurs BODmg g1 2haurs 30-49 mLmin/1.73m2 1 gram ql 2hours

10-25mLmind 1.73m2 BO00rmg gdhours BODmg qBhours

10-29 mLfminf1.73m2 1 gram 24 hours

™ | . i - ¥ _ - ) s, on -~ - .
Nomal Creatinine Clecrance: Lass than 10mL/min/1.73m:2 S500mg g24 hours
110 te 150mL rrin oo rmalas and 100 1o 130mLI'min in Termakes
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Oral Medication Prescribing Oral Medication Prescribing

Oral Carbonic Anhydrase Inhibitors - Acetazolamide

+ Impairs resorption of bicarbonate from the kidneys which results in
loss of sodium, bicarbonate and water

= |5 excreted via the kidneys 1005 uvnchanged

Herpes Ioster: 500mg PO gBhours

Renal Adjustment Dose Oral acetazalam
=60miL/min/1.73m2 No adjustment Less effective in reducing IOP in patients with end- stage renal
impairment
1-2% of patients may develop kidney stones secondary to
20-39mL/rmin/1.73m2 500mg 24 hours acetazelamide use
nereasad sk il taken with sadium bicarbonate [antacids)

Creatinine Clearance (CrCl)

40-59 mL/min/1.73m2 500mg g lZ2hours

*

Less than 20mL/min/1.73m2 250mg q24 hours
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lodinated Intravenous Contrast

Oral Medication Prescribing

.'\_r =L . . [ ; L A1y s L = .
Compulerized lomaography [CT] scans usa dansly 1o thow infrinsic fgsue contrast

Oral Carbonic Anhydrase Inhibitors - Acetazolamide

Normal Renal Function Dose: 250mg gé-12hours « Bone ik more dense than organs so bone will be “bighter” on a nor-controst CT

Water soluble iodine injected intravencushy will lempararily incraase the density of

odinated intravenows confrash & well cleared by dialyss

Proceduras that utilize iodnaled contrast:

=50 miLSmin 250mg gséhours + Cornfrast CTs
= Angiograms

10-50 mL/min 250mg gl 2hours
= « Corotid CTA abvoys request |V conbrost
Avoid Use

<10 miLSmin
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lodinated Intravenous Contrast

Confrast Induced Acute Kidney Injury

Can be temporary and in some very rare cases permanant
« Symptoms: increased liredness, poor appalite, swaling in the feel and ankbas
pulfiness around the eyes, or dry and itchy skin
= Risk Factors
2GR <30 mLfmin/1.73m
2GR 20-44ml/min/ | 73m? with additional risk foctors

« Diabedes, proleinuio, volume deplalion, eaxposurs o olher nephraboxing
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Gadolinium Intravenous Contrast
Mephrogenic Systemic Fibrosis

* Debilitating fibresing disorder that can affect tha skin, connactive lgsue and in
cartain cases infernal argans
Skin is prinnary inifial farget in most patients - presents with thickening and induration of
skin.
Presents within weaks to several months after godolnium contrast expasure
« Reduced risk with newer gadoinium agents
= Most commoanky occurs in patients with stage 4 ar slage 5 chronic kdney disaasa
af in patents with acute kdney injury
Risk &5 greatest in pafients with eGFR less than 30mLfmin
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Gadolinium Intravenous Contrast

% ﬂ"
W
Wk

»  Magnealic resonance imageas are preducad by datacting releasa of enargy as
profons are realigning with their natural magnetc fiald

= Infroduechon of gadaliniurm aflfacts the local magnahic fisld, changes he relalionship
af local hydrogen pratans and incraasas the spead al which the pratons realign.
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Take Home Points

Ocular and kidney pathology share common disease mechanisms
Consider kidney health when abserving retinal vascular pathologies

Dilated fundus examinations can provide the entire healthcare
team information of systemic vascular health

Careful consideration is needed when prescribing oral medications
to patients
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