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Online only supplemental material: Evaluation and influence of 

algorithm errors of SD-OCT and yearly change in retinal volume for 

different subgroups of patients affected with Stargardt Macular 

Dystrophy (STGD1) 

 

Spectral-domain optical coherence tomography (SD-OCT) is widely used to monitor macular 

diseases. However, algorithm errors may significantly influence the measurements of retinal 

volume. One aspect of this study was therefore the evaluation and influence of algorithm errors 

on measurements in patients affected with STGD1. 

 

Evaluation of algorithm errors 

In total, 190 macular cube scan consisting out of 6958 single B-scans were included in this 

analysis. Quality scores for scans are assigned by the Spectralis and expressed as a signal-to-

noise ratio (SNR) in decibels (dB). Scans above 20 dB are considered high quality. [1] The 

average SNR value for the volume scans reported in this manuscript were 27.4 ± 5.3 dB (mean 

± standard deviation). 

Each single B-scan was reviewed by one examiner (RWS). The correct centration of the grid on 

the anatomical fovea was checked and adjusted if necessary. As the grid is centered by the 

photographer according to institution’s standard operating procedures, a possible initial 

displacement of the grid by the software could not be evaluated. 

The major types of errors that had been previously described in time-domain OCT and spectral 

domain OCT were evaluated [2] - these are illustrated in figure 2, supplemental figure 1 - and 

included: (1) misidentification of the inner retina (ILM), (2) misidentification of the outer retina, 

(3) degraded scan image, (4) out-of-register artifacts in which the inner retina was truncated 

because of a shifted scan, (5) inverted artifact in which the truncated superior and lateral edges 

of the retinal image were folded back onto the scan image in association with out-of-register 

artifacts, (6) complete segmentation error, (7) incomplete segmentation error and (8) cut edge 
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artifacts. 

The horizontal length of each error in each line was registered and an error score was 

calculated specifying the accuracy of line segmentation and measurement (supplemental figure 

2): sum of error lengths/sum of total lines lengths of each macular cube. For the last visit of 

each patient, the error score was correlated with the total macular volume (TMV).  

Furthermore the depth was recorded in errors affecting the central 1-mm-diameter area and four 

inner subfields (supplemental figure 2). For this purpose, the scan lines forming the central and 

four inner ETDRS subfields were identified and these scans graded as stage 0 - no error; stage 

1, as being an error of one third or less of the retinal thickness (mild error); stage 2 - error more 

than one third, but less than two thirds of the retinal thickness (moderate error); and stage 3 - 

more than two thirds of retinal thickness (severe error). Previous studies concentrated on the 

subevaluation of errors in the central subfield because this subfield reflects the visual function in 

term of visual acuity, and also can serve as an indicator for retreatment with intravitreal drug for 

macular edema. [3] In STGD1 however, macular edema is a rare complication and the aim of 

this study was to evaluate the atrophic process which typically occurs in a centrifugal pattern. [4] 

Therefore the parafoveal regions were added for analysis of center involving errors, too. 

Segmentation errors were corrected manually by the same examiner using the standard output 

software of the Spectralis™ until the misplaced segmentation lines were set at the correct 

position at the screen; missing segmentation lines were created, if necessary. 

In total, 190 macular volume cube scans of 29 patients comprising in summary 6958 single B-

scans were analyzed: 56 cube scans of 19 single B-scans (29.5%, 56/190), 28 cube scans of 25 

single B-scans (14.8%, 28/190) and 106 cube scans of 49 single B-scans (55.7%, 106/190). 

168 of these 190 macular cube scans (88.4%, 168/190) showed at least one type of 

segmentation error in at least one B-scan (mean 12.4 errors per macular cube scan, range 0 – 

62). Supplemental table 1 summarizes the eight different types of segmentation errors in all 

6958 reviewed single B-scans. Combined errors (e.g. at least two or more segmentation errors) 

were present in 282 (4.2%, 282/6958) single B-scans. 

90 of the 190 macular cubes scans (47.4%, 90/190) revealed at least one center involving 

segmentation error; supplemental table 2 shows the frequency of center involving errors. 

Median error score (error length) of all B-scans was 0.03 (mean 0.12, range 0 – 0.78)., There 

was negative correlation between error score and TMV for all three scan densities, when the 

last visit scans of all patients were analyzed. This was not statistically significant for the scan 
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density (25 B-scans per cube scan) with the lowest number of eyes (n = 24 eyes, rs = -0.188, p 

= 0.378), but showed statistical significance both for the scan densities of 19 (n = 30 eyes, rs = -

0.413, p = 0.023) and 49 B-scans per cube (n = 44, rs = -0.5.13, p = 0.000). As some patients 

had imaging with several scan densities during their last visits, the sum exceeds the number of 

58 eyes. Results are illustrated in supplemental figures 3. 

 

Influence of correction of segmentation errors on values of total retinal volume 

In a subset of 21 patients (42 eyes), values of retinal volume in all nine subfields and TMV were 

transferred to a Microsoft Excel® (Microsoft Corp., Redmond, WA, U.S.A.) spreadsheet prior to 

correction of the segmentation errors during their last visit. Macular cube scans with a scan 

density of 19 and 25 B-scans were available for 18 eyes (9 patients) respectively and with a 

scan density of 49 macular cube scans for 32 eyes (16 patients). After correction of all 

segmentation errors, the values of retinal volume measurements for each of the nine ETDRS 

subfields as well as total TMV of all patients were transferred to a Microsoft Excel® (Microsoft 

Corp., Redmond, WA, U.S.A.) spreadsheet for further analysis. 

For all three different scan densities, there was a statistical significance differences in the retinal 

volume before and after manual correction of segmentation errors in the investigated subset of 

42 eyes (21 patients) as shown for TMV in supplemental figures 4. 

 

Influence of algorithm errors 

The influence of errors and algorithm failures is of high importance. Some of these errors (i.e. 

misidentification of the inner or outer retinal border) can be manually corrected; others (i.e. out-

of-register artifacts) are not correctible. Although Wolf-Schnurrbusch et al. reported the highest 

repeatability of the Spectralis OCT measurements in healthy eyes [5] for central retinal 

thickness and Comyn et al. in eyes affected with diabetic edema compared to other (SD-) OCT 

devices [3], Han and Jaffe [2] noticed up to 90.9 % of scans having at least one error in different 

macular disorders using the SpectralisTM for macular imaging [2], with the misidentification of the 

outer retina being the most common error of B-scans in 31.5% of B-scans. In this study similar 

rate of both: the overall occurrence of at least one segmentation error (88.4%), and the 

misidentification of the outer retina as the most frequent segmentation error (20.2%), was 



	   4	  

observed. Indeed, the misplacement of the outer retinal boundary occurred especially in 

atrophic regions. This finding is supported by the high rate of errors noticed in the central and 

inner subfields. Furthermore it is reflected by the negative correlation between the error score 

and the TMV (as an indicator of atrophic processes). Typically, the misplacement of retinal 

boundaries led to false high measurements of retinal thickness and volume which affected these 

values significantly, and required careful review and manual correction (see supplemental 

figures 2).  

The correct centration of the grid on the anatomical fovea was checked and adjusted, if 

necessary. As the grid is centered by the photographer according to institution’s standard 

operating procedures, a possible initial misdisplacement of the grid by the software could not be 

evaluated. 

 

Yearly change of TMV in different subgroups of patients 

A subgroup analysis of yearly change in TMV was conducted for different subgroups of patients 

and the results are presented together with the demographic information in supplemental table 

3. This includes the results for patients with missing results from genetic testing and those with 

at least one confirmed mutation in the ABCA4 gene. Furthermore, patients were categorized 

according to the classification of Fishman et al.[6] The estimated yearly change of retinal 

volume is similar between the patients with genetically confirmed mutations and the patients 

with missing genetic background testing. An analysis of subgroups of patients according to their 

clinical phenotype indicates the tendency of a higher yearly decline of TMV in group 3 versus 

group 2, and in group 2 than in group 1. However, the total number of patients in each of these 

subgroups is too small in order to provide a statistical significance. 

 

 

Comparability of different scan densities 

In a subgroup of 20 eyes from 10 patients, SD-OCT imaging was repeated during the last visit 

with two different densities of scan lines (25 and 49 B-scans, respectively) of the 20° x 20° 

macular cube to establish intra-class correlation (ICC). First, the follow-up examination 

(examination A) was recorded prior to the acquisition of the second examination (examination 
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B) with the different scan density. After correction for segmentation errors, images of both 

examinations of the same eye and examination date were uploaded side-by-side on a screen. 

Care was taken not to change the ETDRS grid in the examination used for follow-up 

(examination A); the ETDRS-grid in examination B was re-placed by single grader (RWS) at the 

same spot as in examination A by direct comparison.  

The ICC (ρ) was estimated as the ratio of the between subject variance to the total variance: 

	  

Where σb
2 is the between subject variance and σw

2 is the within subject variance. The SAS 

procedure NLMIX was used to perform the estimation. The ICC was calculated for 20 eyes of 10 

patients for TMV, retinal volume in all nine ETDRS-subfields and the inner circle (inner four 

subfields) and outer circle (outer four subfields). Results are given in supplemental table 4. 

There is a good ICC of at least 0.943. That observation implies that in retrospective analyses 

these different scan densities could be used for analysis of data from different patients obtained 

with different scan densities. 

 

 

Comparability between both eyes 

The correlation between both eyes during the first and the last visit was calculated. The 

correlation between eyes for total macular volume at first visit was 0.65 95% CI (0.36-0.94) and 

at the last visit, on average 1.3 years later, was 0.67 95% CI (0.39-0.94).  Given the fact that 

STGD1 is a bilateral disease, this correlation may indicate that TMV may be considered as a 

suitable outcome measure for clinical trials. Moreover, the second eye can possibly serve as a 

control in local treatments that are applied to one eye only.  

 

Genetic information 

Results from genetic testing through the EyeGene project (ClinicalTrials.gov Identifier: 

NCT00378742) were available for 14 patients: three patients showed one mutation, and eleven 

patients showed two mutations in the ABCA4 gene. These are summarized in Supplemental 

table 5. 

ρ σ σ σ= +b b w
2 2 2/ ( )
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Supplemental table 1: Frequency of different types of errors in the 6958 B-scans 

 

Type of error Number of error 

Misidentification of inner retina (ILM) 138 (1.9%) 

Misidentification of outer retina 1404 (20.2%) 

Degraded scan image 10 (0.1%) 

Out-of-register error (inner retina truncated 
because of a shifted scan)  

118 (1.7%) 

Inverted error in which the truncated superior 
and/or lateral edges of the retinal image were 
folded back onto the retina  

2 (0.03%) 

Incomplete segmentation error 503 (7.2%) 

Complete segmentation error 22 (0.3%) 

Cut-edge error 163 (2.3%) 

Total number of errors 2360 (33.9%) 
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Supplemental table 2: Frequency of center involving algorithm errors in 190 reviewed macular cube 
scans is summarized *. 

Stage of central involving error Frequency 

Stage 0 (no error) 52.6 % (100/190) 

Stage 1 (less than 1/3 of retinal thickness) 18.4% (35/190) 

Stage 2 (More than 1/3, but less than 2/3 of 
retinal thickness 

21.1.% (40/190) 

Stage 3 (more than 2/3 of retinal thickness) 34.7% (66/190) 

* Center involving are errors that affect the central 1-mm-diameter area and/or the four inner subfields. 
Because some cubes show more than one segmentation error, the sum exceeds 100%. 
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Supplemental table 3: Demographics of different subgroups of patients are given in respect to the status 
of genetic testing (presence or missing genetic confirmation of mutations in the ABCA4 gene) and for the 
phentypical classification according to Fishman et al 5. Based on different follow-up periods (3 to 40 
months), the estimated yearly changes of total macular volume (TMV) are given for the patients with at 
least one follow-up visit for each subgroup.  

 Status of genetic testing 
of the 29 patients 

Classification of the 29 patients according to 
Fishman et al. 

Patients 
without 
results 
from 

genetic 
testing 
(n=15) 

Patients with 
at least one 
confirmed 
mutation in 
the ABCA4 
gene (n=14) 

Group 1 
(n=14) 

Group 2 
(n=10) 

Group 3 
(n=5) 

Median age (range [years]) of 
onset of the disease 

30.0 
(12.0 – 

53.) 

26.0 (10.0 – 
68.0) 

21.5 (10.0 – 
40.0) 

33.5 (11.0 – 
50.0) 

50.0 (32.0 – 
68.0) 

Median age (range [years]) at 
first visit 

41.0 
(20.0 – 
71.0) 

34.5 (16.0 – 
70.0) 

29.5 (16.0 – 
66.0) 

41 (24.0 – 
56.0) 

66.0 (35.0 – 
71.0) 

Median (range) of best 
corrected visual acuity 
[logMAR] at first visit 

0.35 (-
1.0 – 
0.9) 

0.35 (-1.0 – 
1.3) 

0.4 (-0.1 – 
0.9) 

0.35 (-1.0 – 
1.0) 

0.25 ( 0 – 
1.3) 

Gender male 9 (60.0 
%) 

7 (50.0 %) 6 (42.9%) 5 (50.0 %) 5 (100 %) 

female 6 (40.0 
%) 

7 (50.0 %) 8 (57.1%) 5 (50.0 %) 0 (0 %) 

Race Caucasian 8 (53.3 
%) 

11 (78.6 %) 11 (78.6 %) 6 (60.0 %) 2 (40.0 %) 

Afro-American 4 (13.3 
%) 

2 (14.3 %) 2 (14.3 %) 2 (20.0 %) 2 (40.0 %) 

Asian 2 (6.7 %) 0 (0 %) 0 (0 %) 2 (20.0 %) 0 (0 %) 

Indian 1 (3.3 %) 1 (7.1 %) 1 (7.1 %) 0 (0 %) 1 (20.0 %) 

Yearly change of Total Macular 
volume [mm3], estimated from 
the number of patients with at 
least two follow-up visits 

-0.106 
(n=10) 

-0.120 (n=8) -0.061 (n=7) -0.122 (n=6) -0.185 (n=5) 
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Supplemental table 4: Mean retinal thickness and volume in 20 eyes of patients during their last visit 
with two different image acquisition algorithms: one with a scan density of 25 lines and one with a scan 
density of 49 lines. In both algorithms, a scan of 20° x 20° was chosen, centered on the fovea.  

 25 scans 

Mean (SD) 

49 scans 

Mean (SD) 

ICC 

Volume 

     Total 6.396 (0.934) 6.404 (0.927) 0.999 

     Central  0.107 (0.039) 0.107 (0.040) 0.993 

     Superior inner circle 0.362 (0.064) 0.367 (0.058) 0.943 

     Nasal inner circle 0.336 (0.063) 0.336 (0.058) 0.966 

     Inferior inner circle 0.345 (0.051) 0.344 (0.051) 0.975 

     Temporal inner    circle 0.323 (0.055) 0.327 (0.053) 0.968 

     Superior outer circle 1.359 (0.202) 1.357 (0.207) 0.998 

     Nasal outer circle 1.306 (0.225) 1.304 (0.228) 0.994 

     Inferior outer circle 1.255 (0.203) 1.251 (0.200) 0.995 

     Temporal outer circle 1.204 (0.185) 1.20 5(0.176) 0.997 
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Supplemental table 5: Overview of confirmed mutations in the ABCA4 gene in a subgroup of 14 patients. 
Genetic testing was performed in CLIA-certified laboratories. 

ID ABCA4 Mutation Allele1 ABCA4 Mutation Allele 2 

Exon Position cDNA Effect on protein Nature of 
mutation 

Exon Position cDNA Effect on 
protein 

Nature of 
mutation 

1 25 c.3608G>A p.Gly1203Glu missense  Intron 
38 

c.5460+4 A>G IVS38+4 A>G abnormal 
splicing 

2 31 c.4577C>T p.Thr1526Met missense      

3 9 c.1222C>T p.Arg408Stop nonsense 42 c.5882G>A p.Gly1961Glu missense 

4 1 c.1A>G M1V missense 42 c.5882G>A p.Gly1961Glu missense 

5 1 c.1A>G M1V missense 42 c.5882G>A p.Gly1961Glu missense 

6 Intron 
38 

c.5460+4A>G IVS38+4A>G abnormal 
splicing 

    

7 14 

 

c.1957C>T p.Arg653Cys missense 24 c.3602T>G p.Leu1201Arg missense 

8 19 c2915C>A pThr972Asn missense 22 c3322C>T pARG1108Cys missense 

9 42 c.5882G>A p.Gly1961Glu missense Intron 
38 

 c.5461-10 T>C IVS38-10 T>C abnormal 
splicing 

10 22 c.3322C>T p.Arg1108Cys missense 44 c.6079C>T p.Leu2027Phe missense 

11 13 c.1927G>A p.Val643Met missense 22 c.3259G>A p.Glu1087Lys missense 

12 22 c.3322C>T p.Arg1108Cys missense 44 c.6079C>T p.Leu2027Phe missense 

13 46 c.6306C>A p.Asp2102Glu missense     

14 Intron 
38 

c.5460+4A>G IVS38+4A>G Abnormal 
splicing 

42 c.5882G>A p.Gly1961Glu missense 
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Supplemental figures 1: Examples of evaluated software errors are presented. A: Degraded 
scan image resulting in a misidentification of the outer retina and incomplete segmentation error 
(orange errors). B: Out-of register and inverted error, in which the lateral edges of the retina are 
folded back (orange arrow). Those errors were only noticed in two B-scans and didn’t affect the 
measurement because they both happened at the edge of a macular cube scan. C: Incomplete 
segmentation error: the software stops the identification of the outer retina (orange error). D: 
Complete segmentation error: the software doesn’t place any segmentation line at the outer 
retinal border (yellow arrows). Furthermore, the inner retinal boundary isn’t recognized on the 
left half of the image and the according red segmentation line is misplaced back on the outer 
retinal boundary (orange arrows). E: Out-of-register (orange arrow) and cut-edge (yellow error) 
artifact. F: Out-of-register artifact (orange errors). 
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Supplemental figure 2: Example of a software error (misidentification of the inner retina) to 
illustrate the calculation of the error score. The horizontal length of each error in each line was 
registered. In this example, the horizontal length of the error measures 2 mm (between dotted 
lines), the total length of the single B-scan was 6 mm, respectively. The error score was 
calculated as the sum of error lengths/sum of total lines lengths of each macular cube. In errors 
affecting the central 1-mm-diameter area and four inner subfields, also the depth of each error 
was recorded and graded as stage 0 - no error; stage 1 – an error of one third or less of retinal 
thickness (mild error); stage 2 - an error more than one third, but less than two thirds of retinal 
thickness (moderate error);  and stage 3 - more than two thirds of retinal thickness (severe 
error). This example shows a stage 3 error (error affecting more than two thirds of retinal 
thickness). 
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Supplemental figures 3: Shown are the correlations (rs) between error score and total macular 
volume (TMV, [mm3]) for the last visit of each patient for three different B-scan densities 
(supplemental figure 1a: 19 single B-scans (rs = -0.413, p = 0.023), supplemental figure 1b: 25 
single B-scans (rs = -0.188, p = 0.378), and supplemental figure 1c: 49 single B-scans (rs = -
0.513, p = 0.000). The error score was calculated as: sum of all horizontal error lengths / sum of 
total line horizontal lengths of each macular cube. 
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Supplemental figures 4: Box-plots showing median and 25% quartiles of total macular volume 
(TMV) before and after manual correction of segmentation errors scans with three different 
scan-densities (18 macular cube scans with a density of 19 B-scans (supplemental figure 2a), 
18 macular cube scans with a density of 25 single B-scans (supplemental figure 2a) and 32 
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macular cube scans with a density of 49 single B-scans (supplemental figure 2a)). There is a 
statistical significance before and after correction for all scan densities (p < 0.05). 

	  

	  


