Goals of this Course

Fundus Biomicroscopy and BIO
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· Factors to consider when purchasing new ophthalmic technology:
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· _______________

Which one is right for my practice

· Factors to consider:

· Patient base

· Mode of practice

· Staff

· Acceptance of new technology 

· Networking capability

· Cost

· Space issues

· Future upgrades and data archiving system

· Support/training provided by company?

· Installation and initial training

· Periodic training

· Connectivity: EMR Compatible?

Retinal Imaging Technologies

· Features/Advantages

· Mydriatic

· Non-mydriatic

· No film

· Telemedicine

· High resolution

· Documentation

· Patient education

 Milestones in Retinal Imaging 
· Fundus Photography



1920s

· Fluorescein Angiography
 

1950s

· B-Scan Ultrasound



1970s

· ICG Angiography (Digital)


1980s

· SLO, SLP (GDX)



1990s

· OCT first demonstrated          
         
1991

· High-res OCT




2001

· Fourier Domain OCT



2007

Digital Imaging Systems

Digital retinal imaging does
NOT 
replace a dilated retinal examination.

Digital Systems

· Welch Allyn

· Carolina Ophthalmics

· Olympus

· Kowa

· Canon

· Topcon

· Krebs

· Bausch and Lomb

· Carl Zeiss

· Visucam non-myd camera

· VISUPAC and FF 450plus Fundus Camera/FA  

Digital Systems

· Topcon

· 3D OCT-1000 combines the Fourier Domain OCT with a fundus camera 

· Optos

· Optomap

· Non-myd wide-field scanning laser

· Wide-field imaging and Fluorescein Angiography

Digital Systems

· Nidek

· 3Dx/F Digital Stereo Camera (Myd)

· Macula

· ON, glaucoma

Digital Systems

· Nidek (cont’d)

· MP-1 Microperimetry

· Combined Perimetry & Fundus Imaging

· “Feedback Exam” to train patient to fixate with a PRL (i.e. preferred retinal locus)

What About the Optos®?

· Wide angle, non-mydriatic digital fundus camera

· Achieves views of the peripheral fundus

· Digital enhancement

· Does not replace BIO

· Not for post. pole 

Digital Systems

· EyeTel Imaging

· Digiscope

· Mydriatic camera marketed to PCPs to r/o Diabetic Retinopathy

· Wilmer reading center

 Milestones in Retinal Imaging 
· Fundus Photography



1920s

· Fluorescein Angiography
 

1950s

· B-Scan Ultrasound



1970s

· ICG Angiography (Digital)


1980s

· SLO, SLP (GDX)
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· High-res OCT




2001
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2007

What is OCT?

· Non-invasive imaging technique

· Offers extremely high resolution 

· Superior tissue penetration depth

· Ophthalmic and other biomedical applications

· Real-time, cross-sectional histology of live tissue (virtual biopsy)

OCT vs. other Imaging
Applications: 
OCT in non-invasive diagnostics
Retinal Applications of OCT

Principles of OCT

· How does OCT work?

· Low-coherence interferometry
· 2 waves that coincide with the same phase amplify each other; 2 waves that have opposite phases will cancel out

Low-coherence Interferometry

· A short coherence, broad bandwidth light source is used to illuminate an interferometer. 

· Light is divided by a beam splitter into sample and reference arms. 

· Light that is retro-reflected is recombined by the same beam splitter and directed into an optical detector. 

· 2 coherent waves combined to produce a visible interference pattern.

Principles of OCT
·  Optical reflectivity measured by analyzing “echo time delay” of thousands of light pulses scattered back from different layers of tissue in a 1 second exposure.

Distance = Delay x Speed of Light

Optical Coherence Tomography

Low coherence interferometry

OCT: 3- 10 micron resolution in 
Z-axis(Retina Thickness)

STRATUSOCT™ 
System Components

Multiple Scan Modes

Image Interpretation
· Retina/Macula

· Nerve fiber layer

· Optic Nerve

Image Interpretation:
Identify the 2 red bands

OCT Image Interpretation:
Locate the 2 red bands

OCT Interpretation: In Order of Increasing Reflectivity (brightness)

· Black = Vitreous, Cystic/Ser. Fluid, Blood

· Blue/Green: Vitreous Debris

· Green/Yellow = Retina, Choroid

· Red = NV, Dense Tissue

· Red/White = NFL, RPE, Scar Tissue

· White = Silicone Oil, Scar Tissue

The Normal Macula

Deviations from the normal retinal morphology may signify anomalies
Hyper-reflective CNVM

Hypo-reflective Neurosensory RD

Case From NSU Macula Clinic

· 65 yo BM 

· CC: gradual central blur OS x 1 wk

· VA: OS
20/400

· Acknowledgement: Dr. Sherrol Reynolds

Case from NSU Eye Institute

· 84-year-old WF w/Hx of bilateral exudative AMD

· S/P PDT in OD x 3 mos; OS never treated either with laser or PDT

· CC: sudden blur OD x 1 day

· VA was 20/50 OD and 20/400 OS. On her previous visit six months earlier, VA was 20/25 OD and 20/400 OS. 

Recurrent CNVM

 6 mm OCT and 1 mm central retinal thickness measurements at:

· (A) baseline (582 µm)

· (B) week 1 post-injection (180 µm)

· (C) week 4 post-injection (193 µm).

Vitreous Detachment/Attachment

Case from NSU Eye Institute

OCT

· OCT of this area

· F/T hole and epiretinal membrane, with traction on the edge of the hole. 

· loss of overlying neurosensory tissue

· presence of a thin “lid” that was partially open. 

· Retinal consultation obtained, resulting in further evaluation for  surgical treatment.

Epiretinal Membrane

Retina Detachment

Central Serous Retinopathy

“Smokestack” FA in CSC

Central Serous Retinopathy

CSR (ICSC)

5 Weeks Later

Retina Quiz

· In ICSC, fluid leakage most likely occurs at the level of: 


a.
nerve fiber layer


b.
inner retina


c.
outer retina


d.
choroid

Cystoid Macular Edema

Retinal thickening in CME

Image Interpretation 
· Retina/Macula

· Nerve fiber layer

· Optic nerve

OCT
· Retina

· Nerve fiber layer

· RNFL thickness plot: TSNIT graph

· Temporal, Superior, Nasal, Inferior, Temporal.

· Quantitative RNFL thickness parameters 

· Cross sectional image of retina/NFL

· Optic nerve

Image Interpretation
· Retina/Macula

· Nerve fiber layer

· Optic nerve

Glaucoma in HD

Features

۰Small Footprint   

۰Exact Registration 

۰Auto Patient Recall 

۰Fast and Accurate Imaging 

۰Real-time Retinal Movies 

۰Data Cubes 

۰Line Scanning 

۰Superior Fundus Images

High Definition and Resolution

19 yo Male, Traumatic Macular Hole

Beyond Standard Spectral Domain

Cirrus HD - OCT


In Summary:

· Provides unprecedented high definition images

· Increases efficiency 

· Maximizes clinical confidence

Limits

· Nystagmus inhibits 1 second scan capture and results in “choppy” scan of a flat and relatively quiet retina.

· Can currently only image the posterior pole

The Challenging Patient

· Just like photography and BIO, some patients require extra effort, and the OCT user has to “fight” to get the images.  

· Blinkers and photophobes may require holding the lid

· Small pupils and dense lens opacities are a major challenge.

Coverage for OCT

· Medicare Part B

· Provider should record diagnosis to the greatest level of specificity (ICD-9 codes)

· FL covers OCT for GLC, most retina

· 1-2 times per year

· Private Insurance

· Most cover if medically necessary

· CPT code 92135 w/modifier –50 if bilateral

Summary Thoughts on OCT

· No technology replaces the skills of a good historian, diagnostician, clinician.  

· OCT doesn’t always provide diagnostic revelations, but usually confirm clinicians’ findings.  

· Likely already have DDX

· In some cases, OCT does reveal pathology missed on clinical exam that was not seen by traditional examination methods.

· Bottom line: OCT will help save vision!

Recommended Reading
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Laser Ophthalmoscopy (HRT)

1990s

Confocal Scanning Laser Ophthalmoscopy (CSLO) 

· Heidelberg Retina Tomograph 3

· Non-Invasive and Non-Mydriatic

· Retina Module software

· Provides 3-D images

· Main purpose is to locate and quantify Diabetic Macular Edema (DME).

· Trend analysis monitors treatment of DME and Cystoid Macular Edema

Heidelberg Retina Tomograph 3

· How it works

· Reflected laser light (intensity) measured at each point on retinal surface.

· Confocal intensity profile

· Edema increases intraretinal scatter.Tail of profile extends deeper, peak reflectance reduces, width increases. 

· Analysis of profile allows computation of edema and reflectance maps.

Index of Edema

· Normalization of signal width to reflectance produces an index of retinal edema (e).

· The e-value is  dimensionless (relative).

· The higher the e-value, the higher likelihood of edema at that location. 

· E = w / r

· e (edema value)

· w (width of reflected signal)

· r (retinal reflectance) 
HRT 3 Retina Module

· Track AMD with TruTrack™ technology

· 3-D and 2-D thickness maps

· Full data sets without interpolation

· Real-time quality checks

Confocal Scanning Laser Ophthalmoscopy (CSLO)

· Retinal indications

· Identify, Map and Quantify Edema

· DME

· CME

· Wet AMD, CSR, other “edematous” retinal disease

· Monitor Edema Over Time

· S/P treatment

· HRA 2 Angiography

---->

· FA, ICGA, simultaneous FA and ICGA

· Can acquire dynamic, high-speed FA/ICG movies

Limitations

· Edema index measured in arbitrary relative units

· Several factors can affect signal width

· Heme

· Vitreous opacities

· Exudate

· Pigment

· Turbid fluid

· High cyl - use HRT cyl lens attachment

It’s Baaaack…

The RTA 5

· Based on Scanning Laser Biomicroscopy 

· projecting a thin laser slit beam obliquely through pupil onto the retina and viewing its reflection in a manner similar to slit -lamp biomicroscopy.

· Provides several optical cross-sections, generating a detailed map of the retinal thickness. 

The RTA 5

 OPHTHALMIC ULTRASONOGRAPHY
Echography

· Echography or ultrasonography

· a diagnostic test using high frequency sound waves.

· Ophthalmic echography

· provides additional information about ocular structures. 

· 2 primary modalities in ocular ultrasound

· A-Mode

· B-scan Mode

A-Mode Ultrosonography 

· How it works

· Piezoelectric transducer transmits ultrasonic pulse (wave) to each ocular tissue. 

· At each tissue, there is reflection, transmission, absorption. 

· Transducer receives reflected pulses, vibrates, generates electric signal. 

· Signal is amplified, quantified, and timed.

· One-dimensional display

· Indications

· Qualitative: general analysis of tissue

· Quantitative: biometry (axial length) or standardized echo for tissue differentiation (melanoma study)

A-Mode (A=amplitude)
· A-scan

· Time/amplitude image

· Echo amplitude displayed as  vertical spikes on horizontal  time line

Frequency

· High frequency ( shallow penetration / better resolution

· Low frequency ( deep penetration / poorer resolution

· Standard ophthalmic ultrasound uses freq. of ~10 MHz

· Special high resolution anterior segment systems use freq. of 20-50 MHz
· Body scans use freq of 2.5-5 MHz

A-Mode

Clinical Applications 

·  Axial eye length measurement (accurate)

·   Quantitative and kinetic measurements of   
intraocular lesions

B-scan Mode   

· How it works

· Transducer probe oscillates and scans all ocular structures w/sequential A-scans

· Reflected echoes displayed as spots of varying intensity

· 2-dimensional display allows “cross-sectional” view of eye 

· Indications

· Topographic evaluation (of ON, fundus)

· Measurements of retinal lesions

· Assessment of retina/ON despite opaque media

· Intraocular FB

· Vitreo-retinal interface (PVD, retinal tuft)

· Characterize RD, VHeme, Disc drusen, etc.

B-Mode

· Clinical applications include topographic evaluation, relative quantitative, and kinetic measurements of retinal lesions

B-Mode (B=brightness)

· Intensity modulated cross sectional image

· Basically a B-scan is hundreds of A-scans lined up in sequence one above the other

· Structures which produce tall echo on A-scan will produce a bright echo on a B-scan

B-scan Mode

B-Mode (or B-scan)

Echography of Choroidal Melanoma

 Vitreous

 Normal vitreous
· Young pt should show no echo's (black)

· Older px shows scattered opacities of low reflectivity

 Posterior vitreous detachment (PVD)

· B-scan: thin line, very mobile

· A-scan: low reflectivity

 Vitreous hemorrhage
· B-scan: fresh--dots and short lines



            older (pseudomembranes in 



       inferior  retina

· A-scan: fresh--chain of low reflectivity


    
            older--low to high reflectivity

 Asteroid hyalosis

· B-scan: bright point echos with clear space between posterior boundary and posterior hyaloid, move with vitreous gel

· A-scan: medium to high reflectivity

 Fibrovascular proliferation
· B-scan: irregular/line-like white echos that extend off disc, can terminate in vitreous or form bridging membranes,  usually immobile

· A-scan: medium to high reflectivity

Retinal Detachment

· B-scan:



*bright white, continuous, folded thick line, 



  possible funnel shape

     
*inserts into both the optic disc and ora serrata



*subretinal space clear (black) or low reflective due to   
  hemorrhage



*fresh detachments--mobile



  old detachments----stiff

· A-scan:



*100% high reflectivity unless severe folding or atrophy 



*subretinal heme shows low reflectivity

·  B-scan: smooth, dome shaped thick line that inserts   
at ora, does not insert at disk, trace mobile

· A-scan: 100% double peak high reflectivity



Serous--internal shows no echos



Hemorrhagic--internal show low to medium 

                       reflectivity with spikes that 


            blur with movement

 Choroidal Melanoma

· B-scan:



*collar button shape (mushroom)

            -high reflectivity



*regular internal structure



  -medium low reflectivity



*possible choroidal excavation



*possible sound attenuation

· A-scan:



*low to medium internal reflectivity



*internal vascularity

 Optic Disc

 Optic nerve head (ONH) drusen

· B-scan: dense white elevation of ONH, present on low gain setting

· A-scan: extremely high reflectivity even on low gain

Fluorescein Angiography (FA)

·  FA answers the question: is the blood-retinal barrier intact?


FA

· The “gold standard” for the evaluation of new onset choroidal neovascularization (CNV) in AMD patients.

Fluorescein Angiography

Basic Principles

· Exciter Filter

· 465 - 490 nm (Blue)

· Barrier Filter
· 520 - 530 nm (Yellow - Green)

· Film (Tri-X) insensitive to exciter illumination

· Digital (DFA)

Fluorescein Angiography
· Indications

· Direct a course of treatment

· Establish an uncertain diagnosis

· Baseline if changes are expected

· Adverse Reactions

· Mild – 3 to 5%

· Serious – 1 to 2%

· Anaphylaxis – 0.05%
Fluorescein Angiography

· Indications

· Unexplained decrease in VA

· PHP shows significant defect

· OCT results c/w CNV

· Amsler changes

· Significant visual function changes such as decreased foveal threshold, increased photostress time

· Intermediate AMD baseline, esp. soft confluent drusen

· RPE break or detachment

· Suspect CNVM: FA within 72 hrs**

The Fluorescein Angiogram

· Stages

· Choroidal phase

· Arterial phase

· Laminar venous phase

· Venous phase

· Recirculatory phase

· Late phase

The Fluorescein Angiogram

· Choroidal Phase (10 sec post-injection)

· Choroidal “flush” due to free dye in CC

· Arterial phase (12-14 sec) (
· Retinal arteries prominent
· Laminar venous phase (14-20 sec) 


· Dye begins to fill retinal vein (
The Fluorescein Angiogram

· Venous phase (20-30 sec)

· Complete filling of veins

· Recirculatory phase (2-4 min)

· A & V equal in brightness
(
· Late phase (5 min +)

· Elimination of dye from vasculature
         
(
· Hyperfluorescence in abnormalities (CNV)

Fluorescein Angiography

· Normal Phases

· Choroidal
   10 - 15 sec after injection

· Arterial
   0 - 2 sec after choroidal phase

· Arteriovenous
   5 - 15 sec after arterial phase

· Late phase
   10 minutes after injection

Fluorescein Angiography

· Anatomic Considerations

Fluorescein Barriers
· Vessels of retina/optic disc

· Arteries/veins of choroid

· RPE (tight junctions)

Fluorescein Permeable
· Choriocapillaris

· Bruch’s membrane

Fluorescein Angiography

· Abnormal Findings

· Hyperfluorescence

· Window defect

· Leakage

· Pooling (eg. CSC)

· Hypofluorescence

· Blocked

· Absent (eg. Best’s)

Fluorescein Angiography

· Hypofluorescence

Blocked 

Hemorrhages, CWS, RPE (excess pigment)

   Stable size during study

Hypoperfusion
   Decreased blood flow

   Most defined at arteriovenous phase 
Fluorescein Angiography
· Hypoperfusion

· Arteriolar or venous occlusions

· Stenosis of retinal and/or choroidal vessels

· Systemic disease assoc. retinal ischemia

· Choroidal atrophy or scarring

· Decreased ONH perfusion secondary to ischemia/atrophy

Fluorescein Angiography

· Hyperfluorescence

· Window Defect - increased transmission

· Pooling - leakage into space

· Staining - leakage into tissue

· Leakage

· Loss of vascular tight junctions

· Loss of RPE tight junctions

· Across Bruch’s membrane

· Lack of vascular tight junctions

Fluorescein Angiography

· Leakage from loss vascular tight junctions 

· Diabetic retinopathy

· loss of mural cells

· microaneurysms

· Cystoid macular edema (CME)

· leaky foveal capillaries

· CRVO/BRVO

· Perivasculitis

Fluorescein Angiography

· Leakage from loss RPE tight junctions

· Central Serous Chorioretinopathy

    - fluoresce early, pooling under sensory retina

· Leakage across Bruch’s membrane

· Drusen (AMD)

   - progressive hyperfluorescent, blurring margins

· RPE Detachments

    - fluoresce early, become brighter, size constant

Fluorescein Angiography

· Leakage from lack vascular tight junctions

· Retinal Neovascularization

 - Neo lacks tight junctions, progressive         
     leakage into vitreous

· Subretinal Neovascularization

 - Originate from choriocapillaris, growth through Bruch’s membrane 

FANG and CNVM

· Classic CNVM

· Well-demarcated, discrete, bright choroidal fluorescence in early phase

· Late phase shows dye leakage which obscures the boundaries of the membrane

Forms of Subfoveal Wet AMD

FANG and CNVM

· Occult CNVM

· Fibrovascular PED

·  irregular elevation of the RPE

·  stippled hyperfluorescence in

   the midphase of the angiogram

·  late staining

· Late-phase leakage undetermined source

· speckled hyperfluorescence with dye pooled in the sub sensory retinal space in late phase

Obstacles in FA Evaluation

· Thick b___________

· Pigment

· Fibrous tissue

· RPE Detachment

· V heme

· Media opacities

Indocyanine Green Angiography  ICG
Uses digital imaging systems

· Dye properties

· “sees” through blood

· Delineates choroidal circulation better than fluorescein angiography

· Boundaries of occult membranes imaged

Indocyanine Green Imaging

· ICG dye absorbs & emits fluorescence in the near-IR WL

· Fluorescence is only partially absorbed by RPE, therefore choroidal vasculature seen

· Better able to penetrate heme, melanin, fluid

· Occult CNVM detection

· SLO for ICG imaging

· Well-defined CNVMs, small retinal BVs (Tx. landmarks) better visualized with FA 

Indocyanine Green Imaging

· A: Red-free 

· Photo of classic CNV. 

· B: Early-phase (1-2 sec)

· Rapid filling of choroidal BVs, retinal arteries.

· ICG hyperfluorescence of the CNVM.

· C: Mid-phase (3-15 min)

· Fading of choroidal, retinal vessels.

· Staining of CNV.

· D: Late-phase  (15 min +)

· Hypofluorescence of choroidal vasculature

· Retinal BVs not visible 

· Late staining of the hyperfluorescent CNV. 

CNVM/FA/ICG Imaging

Indocyanine Green Angiography  
· Clinical CNVM Case

FANG or OCT?

· What are the strengths of each?

· How is the use of FANG changing in the management of DR and AMD?

· When a combination is best?

Summary and Conclusions

· No imaging technology replaces the skills of a good historian, diagnostician, clinician. 

· Clinicians are better equipped than ever to detect sight-threatening posterior segment disease early. 

· Timely treatment with more effective therapies enhance the potential for improved visual outcomes.

QUESTIONS 

AND

COMMENTS?

Thank you!

E-mail:
pizzimen@nova.edu
