1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duasnue Joyiny vd-HIN

"s»,  NIH Public Access

(=
a2 5 Author Manuscript

R s

Published in final edited form as:
Ophthalmology. 2006 July ; 113(7): 1187.e1-1187.12.

Automated Detection of Clinically Significant Macular Edema by
Grid Scanning Optical Coherence Tomography

Srinivas R. Sadda, MDl, Ou Tan, Pth, Alexander C. Walsh, MDl, Joel S. Schuman, MDZ,
Rohit Varma, MD1, and David Huang, mp1

1 Doheny Eye Institute, University of Southern California Keck School of Medicine, Los Angeles,
California.

2 University of Pittsburgh Medical Center Eye Center, Eye and Ear Institute, Ophthalmology and
Visual Sciences Research Center, Department of Ophthalmology, University of Pittsburgh School
of Medicine, Pittsburgh, Pennsylvania.

Abstract

Objective—To compare the detection of clinically significant diabetic macular edema (DME) by
an optical coherence tomography (OCT) grid scanning protocol and biomicroscopic examination.

Design—~Retrospective case series.
Participants—Outpatients at the Doheny Eye Institute.

Methods—The clinical and imaging records of a consecutive series of 71 eyes of 40 patients referred
for DME who underwent OCT using the both the Macular Grid 5 (MG5) scanning protocol (to allow
amore evenly distributed sampling of points in the macula) and the standard Fast Macular Thickness
Map (FMTM) pattern were reviewed. An automated algorithm was developed to generate a retinal
thickness map using the MG5 data, which was then compared with a normative database to identify
presumed areas of retinal edema. Clinically significant macular edema (CSME) was also identified
by clinical examination and stereoscopic fundus photographs for comparison with the results of the
OCT protocols.

Main Outcome Measures—Sensitivity and specificity of scanning protocols.

Results—Optical coherence tomograms were inspected visually, and automatically detected retinal
boundaries were found to be correct in 69 of 71 MG5 scans and in 65 of 712 FMTM scans. Macular
Grid 5 scanning was performed twice in each eye, and the repeatability (pooled standard deviation)
of the total area of edema was 0.48 mm? (coefficient of variation, 6.8%). Sensitivity and specificity
of the MGS5 for detection of CSME relative to the clinical examination were 89% and 86%,
respectively, with k being 0.74. Macular Grid 5 and FMTM assessment of foveal CSME also showed
good agreement, with « being 0.68.

Conclusions—The analysis algorithm for the OCT MGS5 grid scan seems to be accurate and
repeatable. Automated detection of CSME by the MG5 analysis correlated well with the clinical
grading and standard OCT analysis (FMTM). Macular Grid 5 provides more information regarding
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the perifoveal macula than FMTM and may be of value to clinicians in planning treatment and in
future studies of macular edema.

Macular edema is an important cause of visual loss and legal blindness in patients with diabetic
retmopathy 5 In the Early Treatment Diabetic Retinopathy Study (ETDRS), focal laser
photocoagulation was demonstrated to reduce the risk of moderate vision Ioss in diabetic
patients with an entity termed cllnlcally significant macular edema (CSME).® 6.7 As optical
coherence tomography (OCT) 9 was not available at the time of the EDTRS study, CSME
was defined based on biomicroscopic observations by the examining physician. 10 Three
definitions of CSME were adopted by the ETDRS investigators: (1) presence of any retinal
thickening within 500 um of the foveal center, (2) lipid exudates within 500 um of the foveal
center with adjacent thickening, and (3) an area of thickening > 1 Macular Photocoagulation
Study disc area (DA; 1 DA = 1.767 mm?2) within 1 disk diameter (1.5 mm) of the foveal center.
7 To corroborate and standardize the clinical assessment, the ETDRS Fundus Photographic
Reading Center reviewed color stereoscopic photographs for a number of imaging end points,
including the presence and extent of macular edema.11 Because accurate methods of
quantifying axial retinal thickening were not available at that time, macular edema extent, as
determined by biomicroscopic examination or inspection of stereoscopic photographs, was
based only on the area of thickening and not on the magnitude of the axial thickness. Variations
in the amount of stereopsis present in paired stereo photographs or in the threshold for
thickening adopted by the observer may further complicate the accurate and reproducible
detection of areas of edema.. Thus, there is potential for considerable variability and possible
lack of sensitivity in the methods for identifying macular edema used in previous clinical
studies. The lack of sensitivity of the clinical examination for detectlon of mild edema has been
demonstrated by a number of investigators, including Brown et al,! 2 who observed that, for
eyes with a foveal center thickness between 201 and 300 pm (200 defined as the upper limit
of normal) only 14% were noted to have foveal edema by contact lens biomicroscopy.
They coined the term subclinical foveal edema to describe such cases. However, as these
cases of subclinical edema were presumably not recognized in the ETDRS, the rationale for
treating these lesions is presently uncertain, 3-15 although it may change as data from ongoing
clinical trials incorporating OCT imaging become available.

Although the system proposed by Brown et al is useful for identification of foveal edema, it is
not likely to identify cases of nonfoveal CSME. As OCT has become an integral part of clinical
trials and clinical practice,lﬁ'20 a system for detection of nonfoveal CSME would be valuable.
Unfortunately, the commonly used macular scanning patterns on the Stratus OCT machine
(Carl Zeiss Meditec, Inc., Dublin, CA) consist of radial lines that provide a high density of
points near the fovea, but a relatively sparse pattern in more peripheral zones. This requires
considerable interpolation to construct a thickness map. To address this limitation, we
developed a concentric grid pattern (Macular Grid 5 [MG5]) and an algorithm to segment and
quantify areas of retinal thickening automatically. In this report, we compare the identification
of CSME by the MG5 algorithm with the clinical examination and with evaluation of the fovea
using the standard Fast Macular Thickness Map (FMTM) pattern of the Stratus OCT.

Materials and Methods

Data Collection and Study Population

We retrospectively reviewed the clinical and imaging records of 71 eyes of 40 patients referred
to the Doheny Ocular Imaging Unit with a diagnosis of diabetic macular edema (DME) who
underwent OCT imaging using both the MG5 and FMTM. Approval for the analysis of these
records was obtained from the institutional review board of the University of Southern
California. For all OCT imaging studies, the Stratus OCT system with version 4.0 software
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was used to acquire the scan of the macula. Fast Macular Thickness Map and MG5 data from
65 normal subjects recruited from the Doheny Eye Institute and the University of Pittsburgh
Medical Center were used as the reference baseline The normal subjects were recruited as part
of the prospective Advanced Imaging for Glaucoma Study. The study was approved by the
institutional review boards of the University of Southern California and the University of
Pittsburgh School of Medicine, and all participants provided informed consent before
participating in the study. All methods adhered to the Declaration of Helsinki for research
involving human subjects.

Comparison of Scanning Patterns

As illustrated in Figure 1A, B, the MG5 scan algorithm obtains A-scans in a relatively evenly
distributed pattern (MG5, 768 A-scans within the 5-mm-diameter grid), which minimizes un-
sampled gaps, particularly in the central 3 mm. In contrast, the standard Stratus FMTM (Fig
1C, D) leaves large gaps between the 6 scan meridians, with a progressive increase in the gap
with increasing eccentricity, reaching a 1.3-mm gap at a distance of 2.5 mm from the center.
Figure 2 compares the meridian gaps of the 2 scan patterns. As it is a newly available scanning
pattern, the imaging protocols at the Doheny Ocular Imaging Unit specify that the MG5 scan
be performed twice, thus allowing an assessment of the reproducibility of the scanning
technique. The variation in measurements between scans was quantified using Bland—
Altman?1 95% limits of agreement analyses and plotted.

Detection of Clinically Significant Macular Edema by Macular Grid 5 Optical Coherence
Tomography

To identify areas of potential retinal edema, the threshold for edema on the OCT map was
defined arbitrarily as a retinal thickness > 2.3 standard deviations (SDs) above the normal
reference mean at that location (i.e., above the 99% level). The normal reference population
consisted of 68 patients (56 of whom were women), with a mean age of 51+8 years. Of the 68
normal patients, 59 were Caucasian and 9 were African American; 17 patients identified
themselves as being Hispanic. Figure 3 shows the mean retinal thickness map and retinal
thickness SD map of the normal reference population using the MG5 scanning pattern. An
automated image processing algorithm for the MG5 scan data was developed to plot maps of
retinal thickness, detect areas of edema, compute various parameters for the zones of retinal
thickening (area, distance to fixation), and identify the presence of CSME. For identification
of the retinal thickness, first the junction of the inner and outer segments of the photoreceptor
is detected by the algorithm as the outer retinal boundary. A-scans with artifact or blocked
reflectivity at the level of the retinal pigment epithelium are replaced with the results from
neighboring A-scans. The inner nerve fiber layer boundary is then detected from the smoothed
image as the inner retinal boundary. The distance from the inner to outer retinal boundaries is
defined to be the retinal thickness. Finally, the retinal thickness map is interpolated between
the sampled locations. The same method was applied to MG5 scans from the normal dataset
to construct the normal reference map.

Points with a retinal thickness > 2.6 SDs (99.5% level) above the normal reference mean at
that location were identified as edema kernels. The edema kernel is the seed point from which
surrounding points are then assessed to determine if thickening is also present. Regions were
grown from the edema kernel to include contiguous surrounding points with thickness > 2.3
SDs (99.0%) above the normal reference, to create zones of edema. The algorithm was
designed, in accordance with ETDRS definitions, to identify 2 categories of CSME: CSMEL,
defined as retinal edema within 500 um of the foveal center, and CSMEZ2, defined as retinal
edema > 1 Macular Photocoagulation Study DA, of which at least some portion extended to
within 1500 um of the foveal center. For identification of CSMEL, to reduce spurious detection
of tiny islands of thickening caused by noise, a threshold area of thickening (0.2-mm diameter,
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0.126-mm? area) was used to identify regions of true edema. The foveal zone (region affected
by CSMEL) is particularly susceptible to noise caused by motion artifact (due to poor fixation
or transverse eye motion), given the significant normal difference in retinal thickness between
the foveola and the parafoveal retina (Fig 3). If any retinal edema was present (even if not
CSME), a grade of DME was assigned. Using this nonexclusive scheme, it is important to note
that a case of edema within 500 um of the foveal center and with an area > 1 Macular
Photocoagulation Study DA would be classified as containing CSME1, CSMEZ2, and DME.
For the purposes of this analysis, the third ETDRS definition of CSME, the presence of lipid
within 500 um of the foveal center with adjacent thickening, was not identified due to
difficulties of developing algorithms to identify lipid exudates accurately.

Clinical Diagnosis of Clinically Significant Macular Edema

The presence of CSME1 and CSMEZ2, as identified by traditional methods of biomicroscopic
examination and stereoscopic color photography, was determined by review of the clinical
records. The macular drawings for each case were scrutinized first to determine if the edema
was classified as CSME1 and/or CSME2 by the clinician. In cases in which the clinical record
did not clearly categorize the CSME, stereoscopic color photographs obtained for the patient
were reviewed by a trained member of the Doheny Image Reading Center (SRS) in an attempt
to classify the edema. If macular edema was present, even when not deemed to be clinically
significant, a grade of DME was assigned. In a few cases, although the patient was referred to
the imaging unit with a diagnosis of macular edema, scrutiny of the clinical record did not
identify any macular edema; these cases were assigned a grade of no DME. By this approach,
an attempt was made to assign grades to every case. For the purpose of analysis, questionable
grades were treated as if definitely present.

Stratus Optical Coherence Tomography Identification of Foveal Edema

To compare the performance of the MG5 algorithm with that of the manual interpretation of
the standard FMTM algorithm for detection of CSME, an analysis was also performed of the
retinal thickness maps generated by the Stratus OCT version 4.0 software. For this analysis,
we adopted the criteria suggested by Brown et all2 that foveal thickening < 300 um should be
considered subclinical edema. Thus, foveal thickening > 300 pm was deemed to meet the
criteria for CSMEL. Because CSME1 need not involve the foveal center, we chose to use the
foveal subfield thickness (rather than the foveal center thickness) from the Stratus OCT output
for the purpose of this analysis. In addition, because the identification of cysts (by
biomicroscopy or by angiography) is frequently used by clinicians to identify the presence of
thickening, we broadened the definition of CSME1 on FMTM to include cases in which retinal
cysts were present in the fovea, even if the thickness was <300 um. Attempts were not made
to identify CSME2 from the FMTMs, given the large sampling gaps in the peripheral zones of
this scan pattern.

Comparison of Methods for Grading Macular Edema

The MG5 assessments were compared with the clinical grade of the edema as determined by
biomicroscopic examination and stereoscopic fundus photographs. The FMTM assessment for
the presence of CSME1 was also compared with the clinical assessment. Sensitivities and
specificities (assuming the clinical assessment to be the gold standard), « statistics
(nonweighted, Cohen),22 and agreement scores (defined as the number of cases for which the
two methods agreed divided by the total number of cases) were calculated for all comparisons.
Kk statistics were interpreted using the scheme advocated by Landis and Koch?3: 0 to 0.20,
slight agreement; 0.21 to 0.40, fair; 0.41 to 0.60, moderate; 0.61 to 0.80, substantial; and >0.80,
almost perfect agreement.
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The automated detection of retinal boundaries was verified visually and found to be correct in
69 of 71 MG5 scans (our software) and on 65 of 71 FMTM scans (Stratus software). There
was a trend for better reliability in automated segmentation by the MG5, but the difference was
not statistically significant ( test, P = 0.145). A total of 63 cases had both MG5 and FMTM
with correct boundary detection, and constituted the case set used for subsequent analysis.
Figure 4 (available at http://aaojournal.org) is an illustration of the accurate detection of inner
and outer retinal boundaries by the MG5 analysis algorithm. Two MG5 scans were available
for each eye. The repeatability (pooled SD) of the total area of edema was 0.48 mm? (coefficient
of variation, 6.8%). Bland—Altman plots of the area-weighted average foveal thickness
(diameter < 1 mm) showed an average difference of 4.7 um between the 2 MG5 scans (Fig 5).
To assess the accuracy of the MG5 relative to the existing OCT clinical practice standard,
thickness maps were generated from both the FMTM and the MG5 analyses and compared.
The thickness of the foveal region as measured by the FMTM and MG5 scans was substantially
equivalent by Bland-Altman analysis (Fig 5).

Comparison of the detection of macular edema by the MG5 versus the clinical assessment is
shown in Table 1. Sensitivity and specificity of MG5 for detection of any CSME compared
with the clinical examination (as the gold standard) were 89% (31/35) and 86% (24/28),
respectively. Substantial (k>0.60) agreement (Table 1) was observed between the clinical
assessment and the MG5 for the detection of CSME1, CSMEZ2, and any CSME. The FMTM
and MGS5 also showed substantial agreement for the detection of CSMEL (Table 2 [available
at http://aaojournal.org]).

The few cases that showed disagreement between the MG5 grade and the clinical assessment
were rescrutinized to identify possible causes for disagreement. For cases in which the MG5
demonstrated CSME, cases diagnosed clinically with CSME showed a trend for a higher foveal
thickness compared with cases where no CSME was evident clinically (Table 3). Cases without
clinical CSME also tended to be farther from the foveal center. For cases in which MG5 did
not identify CSME, the foveal thickness was slightly higher in cases clinically diagnosed with
CSME compared with those without, though the difference was not statistically significant
(Table 4).

Representative cases of agreement and disagreement between the MG5 and the clinical
assessment are shown in Figures 6, 7 (available at http://aaojournal.org), and 8 to 10. The
disagreements seemed to be due to a threshold phenomenon in which retinal thickening (above
the normal baseline) was apparent on the MG5 map but did not achieve the MG5 threshold
definition for edema (Fig 8). In cases such as this, the clinician may have been influenced by
other factors, such as the presence of lipid exudates, which may have led the clinician to adopt
a lower threshold for thickening. Alternatively, the retinal thickening identified by the MG5
was just close enough to the foveal center to be considered clinically signifi-cant by the MG5
algorithm, but was deemed to be farther away by the clinician, who may not have been able to
measure the distance to the foveal center as precisely (Fig 9). In other cases, the clinician may
have been biased by the presence of prominent or severe thickening in one region and, as a
result, may have been less impressed by or less sensitive to retinal thickening in adjacent areas
(Fig 10).

The minimum distance between the foveal center and the edge of the MG5-identified area of
edema was compared with the measured logarithm of the minimum angle of resolution visual
acuity at the time of assessment. For cases in which the edema extended into the foveal center,
the distance was expressed as a negative value, indicating the minimum distance to
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nonedematous retina. No significant correlation between acuity and distance to edema edge
was observed (data not shown).

Discussion

In this report, we describe a new macular grid scan pattern (MG5) for the Stratus OCT that
provides a more evenly sampled map of the macula compared with standard radial line and
fast macular thickness (FMTM) protocols commonly used by clinicians in practice for the
quantification of DME. The sampling gap in the FMTM steadily rises with increasing
eccentricity (Fig 2), with a gap between points that can be 5-fold greater than the MG5 at a
distance of 2.5 mm from the foveal center. The large gaps (up to 1.6 mm) in the FMTM are of
particular concern when considering the assessment of CSME, which, in some cases, may not
extend closer than 1 mm from the foveal center.

The MGS5 retinal thickness maps of the normal reference population used in this study ngApeared
to be similar to those described previously using conventional 6-radial line patterns. 25
Similar to these previous studies, the SD of the retinal thickness was higher in the foveal
subfield than in the more eccentric fields. Although the observed foveal variability could be
due to true heterogeneity within the normal population, it is likely at least in part due to
differences in fixation stability and movement artifact between patients.

In this analysis, the processing program used to generate thickness measurements and
assessments of edema from the MG5 scan seemed to be both accurate and repeatable for any
given subject. The average difference between area-weighted average thickness was only 4.5
um between FMTM and MG5 scans, and was only 4.7 um between the 2 MG5 scans. Moreover,
the coefficient of variation in the area of macular edema between repeat scans in this series
was only 6.8%.

Reproducibility of OCT thickness measurements is of paramount importance in clinical trials
and in monitoring the response of patients to therapy in clinical practice. Excellent
reproducibility of thickness measurements has been demonstrated in normal subjects, with a
repeatability coefficient of <7 um in one study by Massin et al24 and an intervisit SD of only
2.4 um in a series by Paunescu et al.

In Massin et al's study,24 the repeatability coefficient for patients with DME was worse but
still reasonably good, measuring <21 pum, in all but 1 of 10 patients. Browning,26 however,
observed considerable variability in foveal zone measurements between observers in patients
with DME. The variability was believed to be due to unstable fixation in patients with reduced
vision as a result of foveal edema. Not surprisingly, Browning26 observed less variability in
the total macular volume between observers than in the foveal center thickness, and suggested
that macular volume measurements may be the preferred outcome measure for future studies.
The improved repeatability of the total macular volume is likely due to the larger area sampled
by the parameter, thereby rendering the measure less sensitive to fixation errors. The downside
of using the total macular volume for clinical trials, however, is that it may also be less sensitive
for detecting changes in edema if the area of edema is small relative to the area of the entire
macula. The development of algorithms to identify the area (or volume) of edema, as described
in this study, may address these limitations. Because an area (or volume) is measured, rather
than the thickness at a single point (such as the foveal center), the parameter also will be less
sensitive to fixation errors as long as the edematous region remains within the scanned zone.
At the same time, because only the edematous region is measured, the method will retain its
sensitivity to detect changes in the edema. This retinal edema area or volume may be a valuable
parameter for clinicians in following their patients' response to therapy, and the edema maps
(see checkered outline in Figs 6, 7 [available at http://aacjournal.org], and 8-10) produced by
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the MG5 grid analysis provide the clinician with a quick and tangible snapshot of the patient's
retinal status.

If scanned data are to be used to quantify retinal edema, the use of a scanning pattern, such as
the MGS5, that provides a more uniform or evenly spaced sampling of the macula would seem
to be preferred. In this study, the MG5 seemed to show good agreement with the clinical
examination for the detection of CSME. The MG5 assessment of CSME 1 also showed good
agreement with the FMTM. The agreement for identification of CSME 2 by the MG5 seemed
to be better than that for CSME 1, possibly reflecting the improved sampling in the outer zones
of the grid.

It is important to note that the thresholds for identifying edematous areas (99%-99.5%
confidence interval relative to the reference mean) were arbitrarily chosen in an attempt to
achieve reasonable sensitivity without a severe penalty in loss of specificity. This standard
MGS5 threshold, however, was applied consistently to all cases, in contrast to the subjective
clinician assessments, which may have varied due to the assessment method used by the grader
(e.g., contact lens vs. 90-diopter lens examination) or the level of stereopsis available in the
fundus photographs. This variability in the clinical assessment may explain the few cases of
disagreement observed in this study (some examples illustrated in Figs 8-10). Review of all of
these cases of disagreement suggested that assessments by clinicians could be biased by
context. For example, the presence of lipid exudates seemed to increase the clinician's
sensitivity for identifying retinal thickening. Although this may have been an attempt by the
clinician to identify the third ETDRS category of CSME (lipid within 500 [H9262]m of the
foveal center with adjacent thickening), this was not supported by the OCT maps, which did
not appear to show more marked retinal thickening in areas adjacent to the lipid. These
observations are consistent with the mean foveal thickness measurements in Table 4, which
suggest that, in some cases, clinicians can identify edema that is recognizable on the OCT map
but is below the arbitrary threshold chosen in this study. On the other hand, the presence of
severe thickening in some areas seemed to reduce the clinician's sensitivity for detecting milder
(though well above the MG5 threshold) degrees of thickening in adjacent or contiguous regions
(Fig 10, Table 3). These cases and the mean thickness measurements shown in Tables 3 and 4
highlight the variability and subjectivity of clinical assessments and the apparent value of the
objective and reproducible threshold utilized by the MG5 analysis, particularly in cases of
borderline CSME.

Aside from the somewhat arbitrary thresholds for identifying areas of edema, another
significant limitation of the study is its retrospective design. Although the photography protocol
used in the imaging unit was well standardized and consistently applied, there may be some
variability in quality of the clinician's assessment of macular edema as a result of the
retrospective nature of the study. Clinicians judged edema based on their prior training and
experience. No protocol or specialized training was provided to clinicians to standardize their
recognition and diagnosis of areas of retinal edema. In addition, in some cases stereoscopic
photographs were used to assist in classifying the edema. These limitations may account for
the variability in clinician assessment of edema observed in this study.

The additional information (by improved sampling) from the perifoveal macula provided by
the MG5 may be of value in future clinical studies and in monitoring the response of nonfoveal
edema to intervention. The MG5 data also can be used to generate other potentially useful
parameters such as the distance between the edema and the foveal center. In addition, the ability
of these algorithms to detect macular edema automatically and objectively may assist clinicians
in identifying patients requiring treatment. The maps of the areas of retinal thickening also may
be of value in planning the location and extent of focal laser treatment. Moreover, automated
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detection of CSME by OCT MG5 may be of value in screening program527'33 aimed at
identifying patients with sight-threatening retinopathy.

Automated classification using the MG5 scan pattern in this study generally correlated well
with clinical grading and standard OCT analysis (FMTM). It is important to note that MG5
algorithms were designed to detect CSME and not subclinical macular edema evident only on
OCT. MGS5 provides considerably more information in the perifoveal macula than FMTM and
may facilitate the diagnosis and monitoring of nonfoveal CMSE. Automated grading improves
the objectivity, reproducibility, sensitivity, and precision of CSME diagnosis and may serve

as

a useful tool both in future clinical studies and in clinical practice.
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Figure 1.

A, Macular grid 5 (MG5) scan pattern (768 A-scans spiral from center outward; grid spacing,
0.14 mm in central 3 mm and 0.29 mm between 3 and 5 mm). B, Optical coherence tomography
(OCT) image of MG5. C, Fast Macular Thickness Map scan pattern (6 radial line scans). D,
Six OCT images corresponding to each of the 6 lines.
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Figure 2.
Gap between A-scan points plotted against distance from the center point (radius) for Fast
Macular Thickness Map (FTM) scans and Macular Grid 5 (MG5) scans.
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Figure 3.
Population average and standard deviation (SD) of retinal thickness map of normal reference.
N = nasal; T = temporal.
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Figure 4.

Segmentation of grid optical coherence tomography image (displayed 2-dimensionally). Upper
white line, inner retinal boundary; lower white line, inner segment/outer segment junction. The
retinal thickness is defined as the distance between the 2 lines.
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Bland-Altman plot of foveal thickness (area-weighted average in the central 1-mm-diameter
circle). The solid line is the average difference (or agreement), and the dashed lines are the
95% limits of agreement. A, Comparison between 2 Macular Grid 5 (MG5) scans: average
difference, 4.7 um; standard deviation (SD) of difference, 17.4 um. B, Comparison between 2
Fast Macular Thickness Map (FMTM) scans: average difference, 0.4 um; SD difference, 13.5
um. C, FMTM vs. MG5: average difference, 4.5 um; SD difference, 18.4 um.
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Figure 6.

Case of clinically significant macular edema (CSME) 1 and CSME 2 diagnosed by clinical
examination (A, color fundus photograph; B, late fluorescein angiogram frame) and by Macular
Grid 5 (C, MG5 thickness map) and Fast Macular Thickness Map (D, FMTM) protocols. The
map of edema as identified by the MG5 algorithms is delineated by the white checkered zone
in C.
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Figure 7.

Case of clinically significant macular edema (CSME) 2 but not CSME 1 diagnosed by clinical
examination (A, color fundus photograph; B, late fluorescein angiogram frame) and by Macular
Grid 5 (C, MG5 thickness map) and Fast Macular Thickness Map (D, FMTM) protocols. The
map of edema as identified by the MG5 algorithms is delineated by the white checkered zone
inC.
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Figure 8.

Patient diagnosed to have clinically significant macular edema (CSME) 1 by clinical
examination (A, color fundus photograph; B, late fluorescein angiogram frame) but not by
Macular Grid 5 (C, MG5 thickness map) or Fast Macular Thickness Map (D, FMTM)
protocols. The map of edema as identified by the MG5 algorithms is delineated by the white
checkered zone in C. Note that retinal thickening (compared with the normal reference) was
present in the central circle of the MG5 map but did not meet the threshold level defined in
this study.
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Figure 9.

Case graded to have clinically significant macular edema (CSME) 2 by Macular Grid 5 (MG5)
but not identified by clinical examination. A, Color fundus photograph. B, Late fluorescein
angiogram frame. C, Macular Grid 5 thickness map. D, Fast Macular Thickness Map (FMTM).
The map of edema as identified by the MG5 algorithms is delineated by the white checkered
zone in C. Note that the majority of the areas of retinal thickening were in the outer circle (i.e.,
>1 disk diameter from the foveal center). Note also the difference in configuration of the areas
of retinal thickening in the outer circle between the MG5 map and the FMTM, which relies on
more interpolation between data points in the outer zone.
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Figure 10.

Case graded to have clinically significant macular edema (CSME) 1 by Macular Grid 5 (MG5)
and Fast Macular Thickness Map (FMTM) but not identified by clinical examination. A, Color
fundus photograph. B, Late fluorescein angiogram frame. C, Macular Grid 5 thickness map.

D, FMTM. The map of edema as identified by the MG5 algorithms is delineated by the white
checkered zone in C. Note that the retinal thickening inside the central foveal circle is above
threshold on the MG5 map, but not as severe as the area of edema just outside the circle. This
may explain why the clinician did not judge the edema to be within the foveal zone.
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Table 1
Comparison of Clinically Significant Macular Edema (CSME) and Diabetic Macular Edema (DME) Grading by
Macular Grid 5 Analysis (MG5) versus the Clinician

MGS5 vs. Clinical Examination*

CSME 1 CSME 2 Any CSMET Any DMEF
Edema present on MG5 only 7 5 4 7
Edema present on clinical 3 3 4 4
examination only
Both 22 25 31 37
None 31 30 24 15
K (95% CI) 0.677 (0.495-0.860) 0.745 (0.580-0.910) 0.743 (0.577-0.909) 0.603 (0.393-0.814)
Agreement 0.841 0.873 0.873 0.825
Sensitivity (95% CI) 0.880 (0.677-0.968) 0.893 (0.706-0.972) 0.886 (0.723-0.963) 0.902 (0.759-0.968)
Specificity (95% Cl) 0.816 (0.651-0.9168) 0.857 (0.690-0.946) 0.857 (0.664-0.953) 0.682 (0.451-0.853)

CI = confidence interval; CSME 1 = any retinal thickening within 500 um of the foveal center; CSME 2 = retinal thickening within 1 Macular
Photocoagulation Study (MPS) disc diameter (1.5 mm) of the foveal center and >1 MPS disc area in size. Sensitivity and specificity for MG5 are calculated
with respect to the clinical gold standard.

*
Grading as assessed by biomicroscopy and/or stereo photography.
TCSME 1 or 2 or lipid within 500 pum of the foveal center associated with adjacent retinal thickening.

iPresence of any retinal thickening within the macula.
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Table 2
Comparison of Clinically Significant Macular Edema (CSME) 1" Grading by Fast Macular Thickness Map
(FMTM)T versus Other Methods

FMTM vs. Clinical

Grading Methods Compared Examination FMTM vs. MG5
CSME 1 present on FMTM only 4 2
CSME 1 present on clinical examination or MG5 only 6 8
CSME 1 present on both FMTM and clinical examination or MG5 19 21
None 32
K (95% CI) 0.664 (0.474-0.854) 0.676 (0.492-0.860)
Agreement 0.841 0.841

Sensitivity (95% CI)
Specificity (95% CI)

0.760 (0.545-0.898)
0.895 (0.743-0.966)

0.724 (0.525-0.866)
0.941 (0.789-0.990)

1duasnue Joyiny vd-HIN

ClI = confidence interval; MG5 = Macular Grid 5 analysis.

Sensitivities and specificities for the FMTM are calculated with respect to either the clinical examination or the MG5 assessment as the gold standard.
*

Any retinal thickening within 500 um of the foveal center.
TEvaIuation of foveal subfield only.

iGrading as assessed by biomicroscopy and/or stereo photography.
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Table 3
Characteristics of Edema in Cases Graded to Have Clinically Significant Macular Edema (CSME) by Macular
Grid 5 Analysis

Clinical CSME+ Clinical CSME— P Value
Mean distance to fixation™ (+ SD) (mm) —0.16 (0.67) 0.47 (0.63) 0.14
Mean edema area (+ SD) (mm)2 \#2009\\#2009\8.63 (5.79) 8.41 (3.04) 0.91
Mean foveal thickness' (x SD) (um) 317 (77)\#2009\\#2009\ 251 (47)\#2009\\#2009\ 0.06

SD = standard deviation.

+, present by clinical grading; —, absent by clinical grading.

*
The minimum distance from edema edge to foveal center. If edema extends through the foveal center, the distance measurement will have a negative
value (indicating the minimum distance from the foveal center to nonedematous retina).

TAverage retinal thickness in the fovea (diameter < 1 mm).
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Table 4
Characteristics of Edema in Cases Graded to Have No Clinically Significant Macular Edema (CSME) by Macular
Grid 5 Analysis

Clinical CSME+ Clinical CSME— P Value
Mean distance to fixation (£ SD) 2.09 (0.53) 2.26 (0.45) 0.57
Mean edema area (+ SD) 0.36 (0.46) 0.32 (0.65) 0.90
Mean foveal thickness ' (+SD) 221 (42)\#2009\\#2009\ 204 (31)\#2009\\#2009\ 0.50

SD = standard deviation.

+, present by clinical grading; —, absent by clinical grading.

*
The minimum distance from edema edge to foveal center. If edema extends through the foveal center, the distance measurement will have a negative
value (indicating the minimum distance from the foveal center to nonedematous retina).

TAverage retinal thickness in fovea (diameter < 1 mm).
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