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Imaging of Macular Diseases with 
Optical Coherence Tomography 
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Background/Purpose: To assess the potential of a new diagnostic technique called 
optical coherence tomography for imaging macular disease. Optical coherence tomog
raphy is a novel noninvasive, noncontact imaging modality which produces high depth 
resolution (10 Jim) cross-sectional tomographs of ocular tissue. It is analogous to ultra
sound, except that optical rather than acoustic reflectivity is measured. 

Methods: Optical coherence tomography images of the macula were obtained in 
51 eyes of 44 patients with selected macular diseases. Imaging is performed in a manner 
compatible with slit-lamp indirect biomicroscopy so that high-resolution optical tomog
raphy may be accomplished simultaneously with normal ophthalmic examination. The 
time-of-flight delay of light backscattered from different layers in the retina is determined 
using low-coherence interferometry. Cross-sectional tomographs of the retina profiling 
optical reflectivity versus distance into the tissue are obtained in 2.5 seconds and with 
a longitudinal resolution of 10 Jim. 

Results: Correlation of fundus examination and fluorescein angiography with optical 
coherence tomography tomographs was demonstrated in 12 eyes with the followIng 
pathologies: full- and partial-thickness macular hole, epiretinal membrane, macular 
edema, intraretinal exudate, idiopathic central serous chorioretinopathy, and detach
ments of the pigment epithelium and neurosensory retina. 

Conclusion: Optical coherence tomography is potentially a powerful tool for de
tecting and monitoring a variety of macular diseases, including macular edema, macular 
holes, and detachments of the neurosensory retina and pigment epithelium. 
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High-resolution cross-sectional imaging of the retina may 
be useful for identifying, monitoring, and quantitatively 
assessing macular diseases. However, current diagnostic 
instruments lack sufficient resolution to provide useful 
cross-sectional images of retinal structure. The resolution 
of standard clinical ultrasound is limited by the wave
length of sound in ocular tissue to approximately 150 
Jim. 1,2 High-frequency ultrasound biomicroscopy offers a 
resolution of approximately 20 to 40 Jim; however, its 
penetration into the eye is limited to the first 4 mm of 
the anterior segment.3 Ocular aberrations and the maxi
mum entrance pupil diameter of the eye limit the longi
tudinal resolution of confocal imaging techniques such 
as scanning laser ophthalmoscopy4 and scanning laser 
tomography5 to approximately 300 Jim. 

We have developed a new diagnostic technique for 
high-resolution, noncontact imaging of the human retina 
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called optical coherence tomography (OCT).6-12 Optical 
coherence tomography is analogous to ultrasound, except 
that optical rather than acoustic reflectivity is measured. 
Cross-sectional images of optical reflectivity in the retina 
are obtained similar to ultrasound B-scan, but with a 10-
}Lm longitudinal resolution. Unlike ultrasound, contact 
between the probe module and the eye is not required so 
that slit-lamp biomicroscopy of the retina is possible si
multaneous with image acquisition. In previous reports, 
we have demonstrated in vivo OCT imaging of the normal 
human retina and anterior segment. I 1,12 We have shown 
that OCT tomographs of the posterior pole can distinguish 
the cross-sectional morphology of the fovea and optic disc, 
the layered structure of the retina, and normal variations 
in retinal and retinal nerve fiber layer thickness. II 

In this article, we describe the first clinical examination 
of macular diseases using OCT. Optical tomography was 
performed in patients with selected macular pathologies 
and correlated with fundus examination and fluorescein 
angiography. We show that the high-resolution, cross-sec
tional view of the macula provided by OCT can be a po
tentially powerful tool for diagnosing and monitoring a 
variety of macular diseases, including macular edema, 
macular holes, and detachments of the neurosensory ret
ina and pigment epithelium. 

Materials and Methods 

In OCT, the time-of-flight delay oflight reflected or back
scattered from different depths in tissue is determined with 
high precision using low-coherence interferometry. We 
have developed a high-speed fiber optic OCT scanner 
which is coupled to a standard slit-lamp biomicroscope 
so that OCT imaging may be performed as an adjunct to 
conventional retinal examination. A detailed description 
of this technique may be found in our previous publica
tions.6- 12 Briefly, low-coherence light is coupled into a 
fiber optic Michelson interferometer (Fig 1). A superlu
minescent diode light source (a laser diode containing an 
anti-reflection-coated output facet) is used to provide a 
bright source of spatially uniform, low-coherence light. 
One of the two fiber optic arms of the interferometer emits 
the probe beam and is used for both illumination of the 
retina and for collection of reflected light. Time-of-flight 
information is contained in the interference signal between 

I 
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Figure 1. Schematic diagram of the optical coherence tomography system. 
Axial profiles of backscattering (A-scans) within the eye are measured by 
translating the reference mirror and recording the interferometric signa\. 
Cross-sectional tomographs of optical reflectivity are constructed anal
ogous to ultrasound B-scan by scanning the probe beam across the fundus. 

this reflected probe beam and light returning from a ref
erence optical delay path, and is detected by a photodiode 
followed by signal processing electronics and computer 
data acquisition. A constant refractive index of 1.36 is 
assumed to convert time-of-flight delay into a distance 
within the retina. The depth resolution of OCT imaging 
depends only on the source coherence length, which es
sentially describes the maximum optical path length mis
match between the sample and reference interferometer 
paths that will produce an interference signal at the de
tector. The source coherence length defines the ideal lon
gitudinal point-spread-function of the OCT imaging sys
tem and was experimentally determined to be 14 }Lm full 
width at half-maximum in air by measuring the width of 
the reflection from a mirror placed in the sample arm of 
the interferometer. This measurement agrees with theo
retical calculations based on the spectral characteristics 
of the source and predicts a longitudinal resolution of 10-
}Lm full width at half-maximum in the retina after ac
counting for the difference in refractive index between air 
and tissue. It is important to note that the temporal co
herence property of the source, and consequently the lon
gitudinal resolution, is independent of both the optical 

Top, Figure 2. Cross-sectional optical coherence tomography image obtained from a normal human macula. Identifiable features include the vitreous, 
posterior hyaloid, fovea, retinal nerve fiber layer (RNFL), inner and outer plexiform layers (IPL, OPL), photoreceptor layer (PRL), and a highly 
reflective (red) band corresponding to the retinal pigment epithelium and choriocapillaris. 

Second row, Figure 3. Case 1. Idiopathic full-thickness macular hole, right eye. Second row left, fundus photograph. Second row right, optical 
coherence tomography image shows a full-thickness defect of the retina, cystoid changes, and a halo of retinal detachment. 

Third row, Figure 4. Case 2. Idiopathic full-thickness macular hole with operculum, left eye. Third row left, fundus photograph. Third row right, 
optical coherence tomography image shows a full-thickness loss of retinal tissue and an associated operculu~. 

Bottom, Figure 5. Case 3. Lamellar macular hole, left eye. Bottom left, fundus photograph. Bottom right, optical coherence tomography image 
shows a partial depletion of retinal tissue corresponding to the hole. 
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Top and second row, Figure 6. Case 4. Epiretinal membrane, left eye. Top left, fundus photograph. Top right, fluorescein angiogram with leakage 
consistent with cystoid macular edema. Second row, optical coherence tomography image depicts the epiretinal membrane, a foveal disruption 
attributed to macular edema, and vitreal displacement of the choroid and retina. 

Third row and bottom, Figure 7. Case 5. Cystoid macular edema and hemorrhage, right eye. Third row left, fundus photograph. Third row right, 
fluorescein angiogram shows mottled hyperfluorescence in the central macula. Bottom, optical coherence tomography image reveals localized, nonreflective 
cystoid spaces, large central cysts, and a disruption in the retinal pigment epithelium and choriocapillaris. 

quality of the eye and the pupil aperture. The minimum 
achievable transverse resolution is determined by the 
probe beam diameter at the retina, and was calculated to 
be 13 JLm based on the Gullstrand schematic eye. We 
have discussed other determinants of transverse resolution 
elsewhere. II 

The probe beam is delivered to the retina through a 
pair of orthogonal scanning mirrors to provide lateral 
beam positioning. The beam is coincident with the ob
servation path of the slit lamp to allow simultaneous fun
dus examination and image acquisition. Computer con
trol and data acquisition enable arbitrary scanning pat
terns on the fundus and provide a realtime display of the 
tomograph in progress on a monitor. Less than 200 I./. W 
of an 830-nm probe light is incident on the fundus, con
sistent with the ANSI recommended exposure limit for 
permanent intrabeam viewing. 13 

A + 78-diopter condensing lens mounted in front of 
the eye provides an indirect image of the retina, which is 
used for both slit-lamp visualization of the fundus and 
OCT scanning. A single one-dimensional A-mode profile 
of optical reflectivity versus distance into the tissue is cre
ated by translating the reference arm mirror and mea
suring the magnitude of the interference signal at the de
tector. Two-dimensional, tomographic imaging of the 
retina is accomplished in manner analogous to ultrasound 
B-scan. In ultrasound B-mode, a cross-sectional image of 
acoustic reflectivity is created by obtaining multiple, single 
A-mode scans while rapidly scanning the probe beam 
through tissue. Similarly, a B-scan OCT image is con
structed from a sequence of uniaxial A-mode longitudinal 
profiles of optical reflectivity, obtained while transversely 
scanning the probe beam across the retina. The OCT 
tomographs presented here are each composed of 100 A
mode scans and required a total of2.5 seconds acquisition 
time. The images are displayed in false-color, where bright 
colors (red to white) correspond to regions of high relative 
optical reflectivity or backscattering, and dim colors (blue 
to black) represent areas of minimal or no relative reflec
tivity. A digital image processing algorithm is used to re
move axial eye motion artifacts from the tomographs after 
data collection, and has been described elsewhere. lo All 
the tomographs presented in this article are displayed two 
times expanded in the vertical direction for better image 
readability. 

The location of the OCT probe beam on the fundus 
may be established either by slit-lamp observation of a 
visible light source placed coincident with the probe beam 
on the fundus, or by direct visualization of the probe beam 
and retina with an infrared sensitive video camera. For 

this study, the video camera was used, which has the ad
vantage that a video frame grabber may be used to record 
the location and pattern of each OCT scan simultaneous 
with data acquisition. Also, near infrared rather than vis
ible light may be used to illuminate the fundus, making 
the OCT examination well tolerated by patients. The + 78-
diopter condensing lens provides a field of view of ap
proximately 35° through a dilated pupil, which was used 
for all patients in this study. 

Optical coherence tomography was used to examine 
51 eyes of 44 patients with macular diseases, including 
partial- and full-thickness macular hole, epiretinal mem
brane, macular edema, idiopathic central serous chorio
retinopathy, detachment of the pigment epithelium, and 
choroidal neovascularization. Optical coherence tomo
graphs were correlated with slit-lamp biomicroscopy, 
fundus photography, and fluorescein angiography. 

An OCT image of the macular region (Fig 2) obtained 
from a healthy human subject establishes the correlation 
between known retinal anatomy and features evident on 
OCT tomographs. The inner margin of the retina is well 
defined due to the contrast between the nonreflective vit
reous and the backscattering retina. The fovea is clearly 
identifiable from its characteristic morphology, including 
the foveal depression and the lateral displacement of the 
retina anterior to Henle's fiber layer. The posterior hyaloid 
barely appears as a membrane of low reflectance (blue) 
anterior to the foveal pit. The posterior aspect of the neu
rosensory retina is bounded in the OCT images by a highly 
reflective (red) band approximately 70 I./.m thick, which 
most likely corresponds to the choriocapillaris and retinal 
pigment epithelium (RPE). The region just anterior to the 
choriocapillaris typically shows weak backscattering in the 
OCT tomographs and corresponds in location and thick
ness to the photo receptors. The inner and outer plexiform 
layers may be identifiable by their location and the in
creased backscatter signal compared to their nuclear lay
ers. Another highly scattering (red) layer at the inner mar
gin of the retina appears to have characteristics consistent 
with the nerve fiber layer. II 

Results 

Fifty-one eyes of 44 patients were examined with OCT 
for macular disease with the following clinical diagnoses: 
macular hole (9 eyes); epiretinal membrane (3 eyes); mac
ular edema (8 eyes); idiopathic central serous chorio
retinopathy, detachment of the RPE, and choroidal neo
vascularization (21 eyes); disciform scar (2 eyes); macular 
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dystrophy and drusen (4 eyes); chorioretinitis (2 eyes); 
laser injury ( 1 eye); and foreign body injury (I eye). Results 
from selected cases are presented below. For each 
case, OCT sections are displayed along with accompanying 
fundus photographs which are marked to indicate the ori
entation of each of the OCT scans on the retina. 

Selected Case Reports 

Macular Hole 

Case 1. A 55-year-old woman whose visual acuity was count
ing fingers at 7 feet in the right eye had a full-thickness idiopathic 
macular hole with a surrounding cuff of subretinal fluid (Fig 3, 
second row left). The OCT image shows several features char
acteristic of a stage 3 hole, including a sharply defined, fulI
thickness defect in the retina and a marginal halo of retinal de
tachment (Fig 3, second row right). The presence of small, non
reflective spaces in the outer plexiform and inner nuclear layers 
is observed, consistent with cystoid changes. 

Case 2. A 72-year-old woman had a full-thickness macular 
hole and operculum (Fig 4, third row left) with visual acuity of 
20/300 in the left eye. The OCT image shows a complete defect 
within the neurosensory retina (Fig 4, third row right). A highly 
reflective tag contiguous with the internal limiting membrane 
is observed, consistent with retinal tissue and the biomicroscopic 
observation of the operculum. 

Case 3. A 73-year-old woman with a lamellar macular hole 
and visual acuity of 20/20 in the left eye was studied (Fig 5, 
bottom left). The OCT tomograph displays a partial depletion 
of retinal tissue (Fig 5, bottom right). A moderately reflective 
layer of residual tissue appears to span the entire hole, confirming 
the clinical diagnosis of a partial-thickness hole. 

Epiretinal Membrane 

Case 4. An 84-year-old man had a visual acuity of 20/200 in 
the left eye with the clinical diagnosis of an epiretinal membrane 
in the macular area (Fig 6, top left). The retinal arterioles superior 
to the fovea appeared to be straightened. fluorescein angiography 
showed late leakage of fluorescein in a petalloid pattern consistent 
with cystoid macular edema (Fig 6, top right). The OCT scan 
shows the presence ofa highly reflective membrane on the surface 
ofthe retina (Fig 6, second row). The neurosensory layer of the 
fovea appears to be disrupted, and small areas of minimal back
scattering are observed within the neurosensory retina that may 
be attributed to macular edema. A vitreal displacement of the 
choroid and retina is also apparent, which may be related to the 

presence of macular edema or traction of the epiretinal mem
brane on the retina. 

Macular Edema 

Case 5. An 80-year-old woman with age-related macular de
generation had cystoid macular edema and a small amount of 
hemorrhage associated with a poorly defined choroidal neovas
cular membrane in the right eye (Fig 7, third row left). Visual 
acuity was counting fingers at 3 feet. Mottled hyperfluorescence 
in the central macula was seen in late views of the fluorescein 
angiogram, consistent with macular edema (Fig 7, third row 
right). An OCT image obtained from this patient shows highly 
localized, nonreflective cystoid spaces in the outer plexiform 
and inner nuclear layers and large central cysts that extended 
almost to the internal limiting membrane (Fig 7, bottom). The 
reflective band corresponding to the RPE and choriocapillaris 
also appears to be disrupted in the image. Retinal thickness, 
measured directly from the OCT tomogram, varies from 270 
JLm temporally to approximately 360 JLm in the cystic areas. 

Case 6. A 20-year-old woman had a central retinal vein 
occlusion and macular edema in the left eye (Fig 8, top left). 
Visual acuity was 20/400. fluorescein angiography showed late 
leakage of fluorescein throughout the posterior pole (Fig 8, top 
right). On OCT, disruption of the layers of the retina with lo
calized areas of low reflectance, consistent with fluid accumu
lation in the outer retinal layer, was demonstrated (Fig 8, second 
row). The outer plexiform layer appears to be specifically in
volved, consistent with the classically described histopathologic 
findings of macular edema. Retinal thickness as determined from 
the image increases from 250 JLm nasally to 690 JLm at its thickest 
point in the tomogram. 

Diabetic Retinopathy 

Case 7. An 87-year-old woman with diabetes mellitus and 
hypertension was evaluated for background diabetic retinopathy 
and clinically significant macular edema (Fig 9, third row left). 
Slit-lamp biomicroscopy of the right eye showed retinal thick
ening along the superotemporal arcade with hard exudate ex
tending into the macula. Visual acuity was 20/40. A horizontal 
OCT section acquired just superior to the fovea in this eye depicts 
increased retinal thickness nasally, with the development of an 
optically clear space in the outer retina, consistent with cystic 
changes (Fig 9, third row right). Focal areas of high backscattering 
are noted in the center of the image and correspond to foveal 
exudate. Retinal thickness, measured from the tomogram, varies 
from 200 JLm temporally to 620 JLm at the point of maximum 
thickness in the image. 

Case 8. A 66-year-old woman with background diabetic 
retinopathy and macular edema in the left eye was examined 

Top and second row, Figure 8. Case 6. Central retinal vein occlusion and macular edema, left eye. Top left, fundus photograph. Top right, 
fluorescein angiogram shows diffuse late leakage. Second row, optical coherence tomography image shows disruption of the retinal layers and areas 
of low reflectivity consistent with fluid accumulation. 

Third row, Figure 9. Case 7. Background diabetic retinopathy and macular edema, right eye. Third row left, fundus photograph. Third row right, 
optical coherence tomography section demonstrates fluid accumulation and retinal thickening temporally, and focal areas of high reflectance corresponding 
to retinal exudate. 
Bottom, Figure 10. Case 8. Background diabetic retinopathy, macular edema, and foveal hard exudate, left eye. Bottom left, fundus photograph. 
Bottom right, optical coherence tomography image depicts a focal area of high backscattering corresponding to the exudate and increased retinal thickness 
consistent with macular edema The high reflectivity of the exudate shadows the backscattering from the choroid and pigment epithelium below. 
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(Fig 10, bottom left). Visual acuity in this eye was 20/40. Foveal 
hard exudate and retinal thickening were observed on slit-lamp 
biomicroscopy. The OCT image demonstrates focal areas of high 
reflectance (red) within the neurosensory retina, corresponding 
to the foveal hard exudate which shadows deeper structures (Fig 
10, bottom right). Disruption of the neurosensory retina also is 
evident, and a space of low reflectance between the neurosensory 
retina and the RPE is consistent with the clinical observation 
of retinal thickening. Retinal thickness, as determined from the 
OCT image, increases from 220 ~m nasally to 360 ~m tempo
rally. 

Detachments of the Retinal Pigment Epithelium 
and Neurosensory Retina 

Case 9. A 34-year-old man was evaluated 3 weeks after the 
onset of idiopathic central serous chorioretinopathy in the left 
eye (Fig II, top left). His visual acuity was 20/40. Fluorescein 
angiography showed a focal region of hyperfluorescence nasal 
to the fovea (Fig II, top right). An OCT image obtained through 
the optic disc and serous detachment shows the contour of the 
disc and separation of the neurosensory retina from the highly 
reflective (red) band corresponding to the RPE and choriocap
illaris (Fig II, second row left; Fig II, second row right, black 
line). An OCT section taken directly through the fovea also 
demonstrates an elevation of the retina with the development 
of an optically clear space consistent with subretinal fluid ac
cumulation and detachment of the neurosensory retina (Fig II, 
second.row right; Fig II, top left, white line). The brightly back
scattering RPE appears intact below the fluid-filled space, except 
in the region directly beneath the fovea. An area of increased 
reflectivity (red) is observed in the fovea, which may be due to 
normal incidence of the probe beam, and results in shadowing 
of the RPE and choriocapillaris below. The height of retinal 
elevation directly beneath fovea was measured from the image 
to be 260 ~m. The patient received focal photocoagulation 
treatment with a yellow dye laser and returned I month later 
for examination (Fig II, third row left). Visual acuity had im
proved to 20/20, and no subretinal fluid was noted on slit-lamp 
biomicroscopy. An OCT image taken through the foveal region 
demonstrates no retinal detachment and is consistent with the 
clinical observation of resolution (Fig II, third row right). 

Case 10. A 57-year-old-man was examined I day after the 
onset of central visual loss in the left eye, with a visual acuity 
of 20/25. He received a diagnosis of neurosensory detachment 
of the retina associated with idiopathic central serous chorio
retinopathy (Fig 12, bottom left). Horizontal OCT sections were 
acquired through the neurosensory detachment (Fig 12, bottom 
right). In each of the sections, an elevation of the retina above 

an optically clear, fluid-filled space is noted, consistent with a 
detachment of the neurosensory retina. An intact, brightly back
scattering layer below the subretinal fluid retains the contour of 
the globe and corresponds to the RPE and choriocapillaris. The 
height of the detachment was measured directly under the fovea 
in OCT section (Fig 12, bottom right) and was 240 ~m. 

Case 11. A 41-year-old man had both a neurosensory de
tachment and an RPE detachment of the macula in the right 
eye, which were associated with the diagnosis of idiopathic central 
serous chorioretinopathy (Fig 13, top left). His visual acuity was 
20/40. Fluorescein angiography displayed filling of a small RPE 
detachment temporal to the fovea and hyperfluorescence along 
the superotemporal arcade in the temporal macula, consistent 
with a neurosensory detachment of the retina (Fig 13, top right). 
Through both areas of retinal pathology, OCT images were ob
tained. A tomograph taken through the area ofRPE detachment 
toward the optic disc shows elevation of both the retina and a 
thin, brightly backscattering layer corresponding to the RPE (Fig 
13, second row left). The optically clear space seen below the 
neurosensory retina and the RPE is consistent with the serous 
fluid and the diagnosis ofRPE detachment. The choroidal tissue 
beneath the detachment is shadowed by the highly backscattering 
RPE above, which may be more reflective when detached due 
to the interface with the serous fluid. The adjacent normal retina 
in the image shows that the reflective band corresponding to the 
RPE and choriocapillaris is thicker than the detached RPE alone. 
The maximum retinal elevation was 290 ~m from the OCT 
section. An OCT image taken through the area of the neuro
sensory detachment shows elevation of the neurosensory retina 
and a large area of low reflectivity, consistent with a fluid-filled 
space (Fig 13, second row right). The reflective band corre
sponding to RPE and choriocapillaris in this image appears intact 
beneath the serous fluid cavity, except where it is shadowed by 
retinal blood vessels. The height of the fluid-filled cavity reaches 
a maximum of 590 ~m in the OCT image. 

Four months later, the patient had spontaneous resolution 
of the nel,lrosensory detachment, but persistence of the RPE 
detachment in the right eye (Fig 13, third row left). Fluorescein 
angiography again showed filling of a small RPE detachment 
temporal to the fovea, but there was no evidence ofthe previous 
neurosensory detachment in the superior macula (Fig 13, third 
row right). An OCT image taken through the RPE detachment 
and the fovea demonstrates continued elevation of both the retina 
and the thin, reflective layer corresponding to the RPE (Fig 13, 
bottom left) above an optically clear, fluid-filled cavity. Back
scattering from the surface of the choriocapillaris is barely visible 
below the serous cavity due to attenuation of light from the 
highly reflective detached RPE. The configuration of the serous 
cavity appears to have minimally changed from the previous 
examination, with a measured detachment of 240 ~m. In con-

Top, second, and third rows, Figure 11. Case 9. Idiopathic central serous chorioretinopathy, left eye. Top left, fundus photograph shows a 
neurosensory detachment directly in the fovea. Top right, fluorescein angiogram demonstrates a focal area of hyperfluorescence, consistent with 
central serous chorioretinopathy. Second row left, optical coherence tomography (OCT) section obtained through the optic disc and neurosensory 
detachment displays elevation of the neurosensory retina above a nonreflective fluid-filled space, and a reflective (red) band corresponding to the 
retinal pigment epithelium and choriocapillaris (black line shown on fundus). The optic disc cup also is well delineated. Second row right, OCT 
image taken directly through the fovea also demonstrates detachment of the neurosensory retina (white line shown on fundus). Third row left, 
fundus photograph taken 1 month after laser photocoagulation treatment. Third row right, OCT section obtained through the fovea shows resolution 
of the neurosensory detachment. 

Bottom, Figure 12. Case 10. Idiopathic central serous chorioretinopathy, left eye. Bottom left, fundus photograph depicts a neurosensory detachment 
(arrows). Bottom right, serial horizontal optical coherence tomography sections demonstrate elevation of the neurosensory retina; an optically clear, 
fluid-filled cavity; and backscattering from the intact retinal pigment epithelium and choriocapillaris below the fluid accumulation. 
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trast, a tomograph taken through the area of previous neuro
sensory detachment shows no evidence of retinal elevation or 
subretinal fluid accumulation, consistent with the clinical ob
servation of resolution (Fig 13, bottom right). 

Case 12. A 41-year-old woman had laser photocoagulation 
in the right eye for treatment of an idiopathic choroidal neo
vascular membrane (Fig 14, top left). Her visual acuity was 20/ 
60. A recurrent choroidal neovascular membrane was observed 
that was associated with retinal hemorrhage and neurosensory 
detachment of the retina. Fluorescein angiography showed late 
staining of the scar and moderate leakage of fluorescein (Fig 14, 
top right). Optical coherence tomography scanning demonstrates 
disruption of the layers of the neurosensory retina in the area 
that corresponds to the laser scar and a contiguous area of low 
reflectance consistent with the serous fluid accumulation and 
neurosensory detachment of the retina (Fig 14, bottom left; Fig 
14, top left, white line). The reflective band corresponding to 
the RPE and choriocapillaris remains intact under the fluid
filled cavity. The neurosensory detachment reaches a maximum 
height of 250 Jim in the image. Serial vertical sections through 
the macula (Fig 14, bottom right; Fig 14, top left, black lines) 
provide three-dimensional information on the extent of the de
tachment and show temporal retina (1), the neurosensory de
tachment (2-4), and evidence of disruption of the retinal layers 
corresponding to the fibrovascular scar (4-6). 

Discussion 

Optical coherence tomography is a new imaging modality 
that can provide high-resolution cross-sectional tomo
graphs of retinal pathology in vivo. Because OCT imaging 
is noninvasive and uses infrared illumination of the fun
dus, the technique appears to be more comfortable and 
better tolerated by patients than either fluorescein an
giography or fundus photography. The to-Jim axial res
olution of OCT is better than other noninvasive imaging 
techniques in the posterior segment of the eye, including 
standard I and high-frequency ultrasound,2,3 scanning laser 
tomography,4 scanning laser ophthalmoscopy,5 and other 
methods of measuring retinal or nerve fiber layer thick
ness. 14.15 High longitudinal resolution may be important 
for the clinical evaluation of many macular diseases, in
cluding macular holes, macular edema, retinal detach
ment, and choroidal neovascularization. 

Cross-sectional imaging of the fovea with OCT is po
tentially useful in diagnosing and monitoring macular hole 
progression. Optical coherence tomography images ob
tained from patients with full-thickness macular holes 

show several characteristic histologic features, including 
a sharply defined, full-thickness excavation of the retina, 
a marginal halo of retinal detachment, and the presence 
of small, nonreflective cysts in the outer plexiform and 
inner nuclear layers. While the pathogenesis of idiopathic 
macular hole formation is incompletely understood, sev
eral studies have implicated the importance of vitreo
retinal traction in hole development. 16 Pars plana vitrec
tomy may halt the development offull-thickness holes in 
high-risk patients. 17 Cross-sectional imaging with OCT 
may be useful in identifying and monitoring these high
risk eyes, particularly in the fellow eyes of patients with 
macular holes. Distinction between a full-thickness mac
ular hole and a lamellar hole is also possible from the 
cross-sectional view, as is identification of an associated 
operculum. Separation of the posterior hyaloid membrane 
in the foveal region may reduce the risk of hole forma
tion. 18 Optical coherence tomography may be able to as
sess the vitreoretinal interface with higher resolution than 
kinetic ultrasound, which can only detect a minimum 
separation of 500 JIm. 18 Distinction between epiretinal 
membrane and retinal tissue, both displaying high reflec
tance, from the posterior hyaloid which is minimally re
flective is also possible. 

Optical coherence tomography may be useful in mea
suring changes in retinal thickness, which accompanies 
many retinal diseases and diseases of the optic nerve. Ab
normal fluid accumulation in the retina results in the clin
ical and angiographic findings of increased thickness of the 
neurosensory retina and macular edema, respectively. Flu
orescein angiography is used routinely to determine the 
presence of macular edema. While angiography may de
termine the presence and the source of the edema fluid, it 
is not always a reliable indicator of areas of retinal or RPE 
dysfunction. Measurements of increased retinal thickness 
have been found to correlate more strongly with reduced 
visual acuity than observations of fluorescein leakage. 19 

Optical coherence tomography quantitatively can assess 
retinal thickness and edema with a to-JIm longitudinal res
olution, exceeding the comparatively limited sensitivity of 
slit-lamp biomicroscopy and stereo fundus photography to 
changes in retinal thickness.2o 

Linear OCT sections of the macula provide a means 
of identifying, localizing, and quantifying edematous 
changes. Tomographs obtained from patients with mac
ular edema secondary to venous occlusion show local 
areas of retinal thickening, measured from the vitreo-

Figure 13. Case 11. Idiopathic central serous chorioretinopathy and detachment of the retinal pigment epithelium (RPE), right eye. Top left, fundus 
photograph shows a neurosensory detachment along the superotemporal arcade (arrows) and an RPE detachment temporal to the fovea (arrowhead). 
Top right, fluorescein angiogram shows a detachment of the pigment epithelium temporal to the fovea and a neurosensory retinal detachment in 
the superior macula. Second row left, optical coherence tomography (OCT) taken through the RPE detachment shows retinal and RPE elevation; 
a thin, bright scattering layer corresponding to the detached RPE; and an intact adjacent RPE and choriocapillaris. Second row right, OCT image 
obtained through the neurosensory retinal detachment shows retinal elevation and a fluid-filled space above a normal RPE and choriocapillaris. Third 
row left, fundus photograph obtained 4 months after spontaneous resolution of the neurosensory detachment. Third row right, fluorescein angiogram i 
after 4 months shows the RPE detachment and no evidence of the neurosensory detachment. Bottom left, OCT image through the RPE detachment 
shows elevation of the retina and RPE above a serous cavity. Bottom right, OCT image confirms spontaneous resolution of the neurosensory 
detachment after 4 months. 
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retinal interface to the highly scattering (red) outer layer 
corresponding to the choriocapillaris and pigment epi
thelium. Optical coherence tomography images obtained 
from patients with cystoid macular edema closely corre
spond to the known histopathology demonstrating the 
highly localized, nonreflective cystoid spaces in the outer 
plexiform and inner nuclear layers, and large central cysts 
which extend almost to the internal limiting membrane. 
Focal areas of high reflectance were identified within the 
neurosensory retina corresponding to exudate observed 
within the macula and in contrast to the very low reflec
tance observed with intraretinal or subretinal fluid asso
ciated with retinal detachment. In patients with age-related 
macular degeneration and choroidal neovascularization, 
intraretinal spaces of relatively low backscattering were 
observed, and the band corresponding to the RPE and 
choriocapillaris appeared to be thickened and disrupted. 
In contrast, the RPE and choriocapillaris appeared to be 
normal in cases where macular edema was due to a retinal 
vascular etiology. These images indicate that OCT may 
be useful as an adjunct or as a noninvasive alternative to 

angiography for diagnosing or confirming macular edema 
and exudate. Optical coherence tomography images, in 
analogy to ultrasound M-scan (multiple A-scans of single 
selected points) on the macula identified through linear 
OCT section, also could allow one to track interval 
changes in retinal thickness at desired locations with better 
than lO-JLm axial resolution, because successive scans 
comprising the M-scan could be averaged. These point 
measurements would enable highly accurate monitoring 
of fluid accumulation, or the resolution of edema after 
photocoagulation therapy. 

Detachment of the neurosensory retina and the RPE 
also was studied. Optical coherence tomography images 
of serous RPE and pigment epithelial detachment dem
onstrate the accumulation of optically clear fluid in the 
subretinal and the sub-RPE spaces. Tomographs of serous 
neurosensory detachments show an elevation of the neu
rosensory retina, a nonreflective fluid-filled subretinal 
space, and a highly reflective band corresponding to the 
RPE and choriocapillaris that appears to retain the con
tour of the globe. In comparison, eyes with RPE detach-

Figure 14. Case 12. Idiopathic choroidal neovascularization and neurosensory retinal detachment after laser photocoagulation treatment, right eye. 
Top left, fundus photograph with the neurosensory detachment outlined (arrows). Top right, fluorescein angiogram shows moderate leakage cor
responding to a neurosensory retinal detachment and late staining of the laser scar. Bottom left, optical coherence tomography image shows elevation 
of the neurosensory retina and disruption of the retina corresponding to the retinal detachment and laser scar respectively (white line on fundus 
photograph). Bottom right, serial vertical sections taken through the macula provide three-dimensional information on the extent of the detachment 
and laser scar (black lines on fundus photograph). 
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ments display a thin, highly backscattering layer just be
neath the neurosensory retina corresponding to the RPE. 
This layer appears separated from the contour ofthe globe 
and above the fluid-filled space as expected. In these eyes, 
the reflective layer corresponding to the detached RPE is 
thinner than the band corresponding to the normal sur
rounding RPE and choriocapillaris, confirming that the 
RPE and choriocapillaris normally appear together as 
highly backscattering in the OCT images. High backscat
tering from the detached RPE appears to shadow deeper 
structures, such as the choriocapillaris, and may result 
from the refractive index boundary between the RPE and 
serous fluid, or morphologic changes in the RPE cells 
themselves. These results show that OCT is capable of 
distinguishing detachments of the neurosensory retina 
from detachments of the RPE. 

Optical coherence tomography images of detachments 
of the pigment epithelium point out that deep structures 
in the retina may be affected by light penetration through 
intervening retinal layers. Similarly, it was noted that high 
backscattering from intraretinal hard exudate shadows the 
reflections from the choriocapillaris and pigment epithe
lium below. The OCT instrument is sensitive primarily 
to unscattered probe light, J J which exponentially atten
uates as it propagates through the retina. The tomograms 
are displayed on a logarithmic reflectivity scale to partially 
compensate for this attenuation; however, it is still im
portant to note that a highly absorbing or reflecting layer 
in the retina, such as hard exudate or a retinal blood ves
sel, J J will cause the backscatter signal from deeper retinal 
structures to appear unusually dim. 

We previously have shown that OCT is potentially 
useful for profiling the contour of the optic nerve head, 
including cupping, and for measuring retinal and nerve 
fiber layer thickness. Quantitation of nerve fiber layer 
thickness in the peripapillary region is directly relevant 
to the early diagnosis and monitoring of glaucoma, where 
intraocular pressure often does not reliably affect disease 
progression,21 ophthalmoscopy and stereo fundus pho
tography are subjective,22 and visual field defects occur 
only after irreversible damage to the nerve fiber layer.23 

In conclusion, OCT is a new technique for the clinical 
evaluation of a variety of macular diseases. These prelim
inary images suggest that OCT may be particularly useful 
in the more sensitive diagnosis and quantitative moni
toring of macular holes, macular edema, and retinal de
tachment. Variations in OCT backscattering signal also 
may provide a means of identifying other retinal and cho
roidal pathologies, including choroidal nevi, hemorrhagic 
exudate, tumors, and other inflammatory diseases. Fur
ther research is needed to determine whether OCT im
aging may be applicable to the localization of choroidal 
neovascular membranes and the evaluation of other in
flammatory and degenerative diseases of the retina. 
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