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Abstract

Background: To investigate the influence of scan distance on retinal boundary detection errors (RBDEs) and retinal
thickness measurements by spectral domain optical coherence tomography (SD-OCT).

Methods: 10 eyes of healthy subjects, 10 eyes with diabetic macular edema (DME) and 10 eyes with neovascular
age-related macular degeneration (AMD) were examined with RTVue SD-OCT. The MM5 protocol was used in two
consecutive sessions to scan the macula. For the first session, the device was set 3.5 cm from the eye in order to
obtain detectable signal with low fundus image quality (suboptimal setting) while in the second session a distance
of 2.5 cm was set with a good quality fundus image. The signal strength (SSI) value was recorded. The score for
retinal boundary detection errors (RBDE) was calculated for ten scans of each examination. RBDE scores were
recorded for the whole scan and also for the peripheral 1.0 mm region. RBDE scores, regional retinal thickness
values and SSI values between the two sessions were compared. The correlation between SSI and the number of
RBDEs was also examined.

Results: The SSI was significantly lower with suboptimal settings compared to optimal settings (63.9±12.0 vs.
68.3±12.2, respectively, p = 0.001) and the number of RBDEs was significantly higher with suboptimal settings in
the “all-eyes” group along with the group of healthy subjects and eyes with DME (9.1±6.5 vs. 6.8±6.3, p = 0.007;
4.4±2.6 vs. 2.5±1.6, p = 0.035 and 9.7±3.3 vs. 5.1±3.7, p = 0.008, respectively). For these groups, significant negative
correlation was found between the SSI and the number of RBDEs. In the AMD group, the number of RBDEs was
markedly higher compared to the other groups and there was no difference in RBDEs between optimal and
suboptimal settings with the errors being independent of the SSI. There were significantly less peripheral RBDEs
with optimal settings in the “all-eyes” group and the DME subgroup (2.7±2.6 vs. 4.2±2.8, p = 0.001 and 1.4±1.7 vs.
4.1±2.2, p = 0.007, respectively). Retinal thickness in the two settings was significantly different only in the outer-superior
region in DME.

Conclusions: Optimal distance settings improve SD-OCT SSI with a decrease in RBDEs while retinal thickness
measurements are independent of scanning distance.
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Figure 1 Macular map showing the scanning lines of the RTVue
MM5 protocol. The protocol consists of 34 line scans (white and
red lines). The red lines indicate the scans that were chosen for
analysis, each being 5 mm in length.
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Background
Optical coherence tomography (OCT) is one of the most
important decision making technologies used in oph-
thalmology [1]. Cross-sectional OCT images of the ret-
ina correlate well with retinal histology [2-4] and can be
used for quantitative analysis of retinal morphology, i.e.
measurement of retinal thickness [5]. This quantitative
analysis can help the follow-up of several retinal path-
ologies [6,7] and facilitates important clinical decisions,
as in the case of diabetes [8-10] or age-related macular
degeneration (AMD) [11]. The latest spectral domain
OCT (SD-OCT) technology has enabled a substantially
increased sampling speed providing more detailed retinal
imaging and fewer artifacts [12,13].
The retinal thickness measurements (RTMs) of OCT

devices are based on segmentation algorithms that delin-
eate the vitreo-retinal interface and the outer retina,
with the latest devices being able to quantify intraretinal
structure by retinal layer segmentation. It is well known
that this segmentation is prone to artifacts both in
healthy eyes [14-17] and in eyes with macular patholo-
gies [18-22] which might severely influence thickness
measurements and might bias clinical decisions. Further-
more, the quantitative analysis of retinal morphology by
segmentation algorithms is also sensitive to image qual-
ity [17,23]. Recent evidence indicates that the variability
of scan quality could predict retinal boundary detection
errors (RBDEs) [24,25]. We have previously shown the
comparability of the segmentation of time domain OCT
images with those obtained by RTVue SD-OCT (Optovue
Inc., Fremont, CA, USA), observing some regional dif-
ferences being difficult to explain [26]. As the RTVue
device - similarly to other commercially available OCT
devices – provides an automatic optimization process
for the OCT settings (including focusing, polarization
and Z-offset) that was employed in our study, a possible
explanation for the differences was the suboptimal scan
distance setting of the SD-OCT device, that is, the pos-
sibly longer than optimal scanning distance resulting in
poor image quality and thus leading to measurement
artifacts.
The aim of this study was to investigate whether scan

distance settings of the RTVue SD-OCT have any influ-
ence on the errors in retinal boundary detection and
RTMs in healthy eyes and eyes with retinal pathologies
such as diabetic macular edema (DME) and AMD.

Methods
Ten eyes of ten healthy subjects, ten eyes of ten patients
with DME and ten eyes of ten patients with neovascular
AMD were included in our study. Patients were re-
cruited consecutively from our Retina Clinic. The study
eye was selected randomly if both eyes were eligible for
the study. The study was approved by the Semmelweis
University Regional and Institutional Committee of Sci-
ences and Research Ethics. All patients gave informed
consent to the study and were treated according to the
tenets of the Declaration of Helsinki.
Each subject underwent routine ophthalmic examin-

ation including best corrected visual acuity measure-
ment, applanation tonometry and slit-lamp examination.
All study subjects were assessed by the same, expert and
trained operator with an RTVue OCT device using
MM5 macular scan protocol under non-mydriatic cir-
cumstances. The MM5 protocol makes image of an 5 ×
5 mm area with 11 horizontal and 11 vertical B-scans
composed of 668 A-scans each and an inner 3 × 3 mm
area with 6 horizontal and 6 vertical B-scans composed
of 400 A-scans each (see Figure 1).
Optimal OCT images require not only optimal focus,

polarization and Z-offset settings but also a best-possible
fundus image is necessary in order to avoid errors due
to peripheral artifacts because of the aperturing effect of
the pupil. Therefore, we empirically measured the dis-
tance of the OCT device when good quality fundus im-
ages were obtained with the view of the fundus visible in
the entire fundus image window (see Figure 2C) and
found this distance to be approximately 2.5 cm. The dis-
tance was measured from the side between the surface
of the centre of the cornea and the imaging lens of the
device (Figure 3). For the first session, the device was set
at 3.5 cm from the eye in order to obtain detectable sig-
nal with low fundus image quality with peripheral ob-
scuring of the fundus (suboptimal scan distance setting,



Figure 2 Fundus and macular OCT images taken with suboptimal and optimal settings with RTVue OCT system. Inner and outer retinal
segmentation lines are highlighted with yellow color for better observation. Errors are signed with white arrows. (A) Fundus image taken with
suboptimal settings in a healthy subject. Note the concentric narrowing of the fundus image due to the pupillary border decreasing the field of
view. (B) Corresponding OCT scan of A) fundus image. (Signal strength index =66.8) Outer retinal misidentification is observable at the peripheral
region of the scan. (C) Fundus image taken with optimal settings in the same healthy subject. Note that the fundus image fills the entire image.
(D) Corresponding OCT scan of C) fundus image. (Signal strength index =72.4) The scan does not contain any errors.
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see Figure 2A) while in the second session a distance of
2.5 cm was set with a good quality fundus image (optimal
scan distance setting). A minimum of 5 minutes elapsed
between the two sessions. For both sessions the scan
settings were optimized using the built-in optimization
option of RTVue before taking all scans.
The RTVue OCT defines the signal strength index

(SSI) as the average signal strength of the OCT scan, its
value ranging from almost 0 to 90 (no detectable signal
to best signal strength). Because of the observable cor-
relation between SSI and the quality of the OCT scan,
this parameter was used as indicator of the image quality
in our study.
Figure 3 The measurement of the scanning distance between
the anterior surface of the cornea and the imaging lens.
Signal strength index (SSI) and regional thickness
values were recorded. The score for inner and outer
RBDE was calculated for five vertical and five horizontal
selected scans of the MM5 grid protocol from each eye
for both settings according to a grading system based on
the scoring previously described by Sadda et al. [14] and
modified for the current study (Figure 1 and Table 1). A
total of 600 scans were examined by an operator, who
was blinded for the group and the setting of the images.
The final score for each scanned eye was the sum of the
scores of the 10 scans; therefore, the higher the score
number, the more errors are present. In order to assess
segmentation errors at the periphery, RBDE scores were
also recorded and calculated similarly for the peripheral
regions 1.0 mm from the horizontal scan edge on both
Table 1 Scoring system used for the assessment of retinal
boundary detection errors

1 point Any boundary detection error (deviation of at least 4×10
pixels [height x width])

1 point Any boundary detection error within the area of the fovea
(central 1 mm of the 5 mm long scan)

1 point The sum of horizontal errors exceeds 1 mm

1 point The sum of horizontal errors exceeds 3 mm

1 point The sum of vertical errors exceeds 1/3 of total retinal thickness

1 point The sum of vertical errors exceeds 1/3 of total retinal thickness

When retinal boundary detection errors were present in both the inner and
outer retinal boundaries, the errors were summed to assess the severity of the
axial or transverse error.



Table 2 Retinal boundary detection error scores obtained with suboptimal and optimal scan distance settings

“All-eyes” group Normal group

RBDEs Suboptimal setting Optimal setting p Suboptimal setting Optimal setting p

Entire scan 9.1 ±6.5 6.8 ±6.3 0.007 4.4 ±2.6 2.5 ±1.6 0.036

8 [4, 11] 5 [2, 11] 4 [3, 6] 2 [1, 4]

Center 4.8 ±5.2 4.1 ±4.7 0.225 1.2 ±1.7 0.7 ±1.1 0.285

4 [1,7] 3 [0, 7] 1 [0, 2] 0 [0, 1]

Periphery 4.2 ±2.8 2.7 ±2.6 0.001 3.2 ±2.4 1.8 ±1.3 0.093

4 [3, 5] 2 [1, 4] 4 [2, 4] 2 [1, 3]

DME group AMD group

RBDEs Suboptimal setting Optimal setting p Suboptimal setting Optimal setting p

Entire scan 9.7 ±3.3 5.1 ±3.7 0.008 13.1 ±8.7 12.9 ±6.8 0.919

10 [8, 11] 5 [3, 8] 14 [5, 18] 14 [10, 17]

Center 5.6 ±3.6 3.7 ±2.8 0.097 7.7 ±6.8 7.9 ±5.7 0.833

6 [4, 7] 4 [2, 5] 6 [2, 14] 9 [3, 13]

Periphery 4.1 ±2.2 1.4 ±1.7 0.008 5.4 ±3.5 5.0 ±2.8 0.441

4 [3, 5] 1 [0, 3] 5 [3, 9] 6 [2, 7]

The results for the pitfalls are shown as means ± SD and median [interquartile range]. Bold and italic font is used for the indication of significant differences
between groups. Retinal boundary detection error (RBDE) scores and regional retinal thickness values between the suboptimal and optimal scan distance settings
were compared using Wilcoxon test.
Abbreviations: RBDEs retinal boundary detection error scores, DME diabetic macular edema, AMD age-related macular degeneration, SSI signal strength index,
SD standard deviation.
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sides on all scans (Figure 2). The number of errors in
the remaining central region was defined as the differ-
ence between the total number of errors found in the
whole scan and the number of peripheral errors.
The correlation between the SSI and the number of

RBDEs was examined using linear correlation including
all scans taken both with suboptimal and optimal scan
distance settings. SSI values, RBDE scores and regional
retinal thickness values were compared between the
two sessions using Wilcoxon test. Intraclass correlation
coefficients (ICC) with 95% confidence intervals were
calculated for these variables, followed by the direct
comparison of confidence intervals These analyses were
performed for all participating eyes (“all-eyes” group)
and for the three subgroups (normal, DME and AMD
groups). The statistical analyses were performed with
Statistica 8.0 (Statsoft Inc., Tulsa, OK, USA) and SPSS
19 (IBM Corp., Armonk, NY, USA) softwares. The level
of significance was set at 5%.
Table 3 The correlation between the SSI and RBDE scores

“All-eyes” group Normal gro

r p r

Entire scan −0.47 <0.001 −0.61

Center −0.44 <0.001 −0.69

Periphery −0.31 0.017 −0.23

The Spearman correlation coefficients (r) and corresponding p values are shown. Bo
Abbreviations: SSI signal strength index, RBDE retinal boundary detection errors, DM
Results
The SSI was significantly lower with suboptimal scan
distance settings compared to optimal scan distance set-
tings (63.9 ± 12.0 vs. 68.3 ± 12.2, respectively, p = 0.001).
The number of RBDEs was significantly lower with opti-
mal scan distance settings in the “all-eyes” group for the
entire scan and also for the peripheral but not the cen-
tral scan parts (Table 2). The number of RBDEs nega-
tively correlated with the SSI value (Table 3). The ICC of
the RBDE scores of the two settings showed a mild dif-
ference, except the peripheral region where it was low
(Table 4).
In the case of the normal group, the number of RBDEs

was significantly lower with the optimal scan distance
setting only for the entire scan, while in the case of the
DME group the same trend was observed both for the
entire scan and the peripheral scan parts (Figure 4 and
Table 2). However, the ICC indicated a high difference
between the two settings in these groups in all scan
up DME group AMD group

p r p r p

0.004 −0.57 0.009 0.09 0.704

0.001 −0.47 0.035 0.10 0.674

0.329 −0.35 0.136 0.02 0.921

ld and italic font is used for the indication of significance.
E diabetic macular edema, AMD age-related macular degeneration.



Table 4 Intraclass correlation coefficients (ICC) of the
retinal boundary detection error scores and signal
strength indexes (SSI) by study groups

All eyes Normal DME AMD

Entire 0.718 0.337 0.281 0.724

[0.445; 0.862] [−0.152; 0.756] [−0.132; 0.714] [0.191; 0.924]

Center 0.766 0.476 0.432 0.752

[0.568; 0.881] [−0.137; 0.835] [−0.120; 0.810] [0.252; 0.933]

Periphery 0.591 0.206 0.253 0.889

[0.187; 0.803] [−0.297; 0.690] [−0.131; 0.689] [0.632; 0.971]

SSI 0.814 0.941 0.670 0.316

[0.488; 0.923] [0.580; 0.987] [0.141; 0.905] [−0,176; 0.745]

The results of the reliability examination of the RBDE scores between optimal
and suboptimal scan distance settings are shown as ICC and the lower and
upper border of the 95% confidence intervals.
Abbreviations: ICC Intraclass correlation coefficients, RBDE retinal boundary
detection error, SSI signal strength index, DME diabetic macular edema,
AMD age-related macular degeneration.
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parts. Moreover, the SSI values showed a mild but sig-
nificant negative correlation with the number of RBDEs
along the entire scan and its central parts for both the
normal and DME groups (Table 3). The ICC showed a
mild difference in SSI values in DME but not in the normal
Figure 4 Macular OCT scan of a subject with diabetic macular edema. (
Inner retinal misidentification is observable in the central region and outer ret
with optimal settings. (Signal strength index =74.3). Outer retinal misidentifica
retinal segmentation lines are highlighted with yellow color for better observa
group (Table 4). In the AMD group, the number of RBDEs
was higher compared to all other groups and there was no
difference in RBDEs between optimal and suboptimal
settings, with the errors being independent of the SSI
(Figure 5). This finding was supported by the ICC values,
which indicated higher concordance between the two scan
sessions than what was found in the other groups. The ICC
showed the highest difference in SSI values between the
two scanning sessions in eyes with AMD.
Regional retinal thickness measurements (RTMs) be-

tween the two scan distance settings were significantly
different only in the inner and outer-superior region (R2
and R6, respectively) in the case of DME eyes and in R6
region in “all-eyes” group (see Table 5). There was a high
correlation between the RTM values of the two sessions
in each region (see Table 6).

Discussion
Retinal thickness measurements obtained by OCT are an
important source of information for both diagnostic and
therapeutic decisions in retinal pathologies like DME
and AMD. However, the algorithms incorporated in the
OCT software are prone to boundary detection errors
which may severely influence RTM results [14,19]. In
A) Image taken with suboptimal settings. (Signal strength index =70.4).
inal misidentification at the peripheral region of the scan. (B) Image taken
tion is observable at the peripheral region of the scan. Inner and outer
tion. Errors are signed with white arrows.



Figure 5 Macular OCT scan of a subject with age-related macular degeneration. (A) Image taken with suboptimal settings. (Signal strength
index =57.0) Outer retinal misidentification is observable at the paramacular and the peripheral region of the scan. (B) Image taken with optimal
settings. (Signal strength index =75.0) Outer retinal misidentification is observable in the central and at the paramacular region of the scan.
Inner and outer retinal segmentation lines are highlighted with yellow color for better observation. Errors are signed with white arrows.
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the present work we examined the effect of distance set-
tings on retinal segmentation and thickness measure-
ments in healthy eyes and eyes with DME and AMD.
We chose non-mydriatic imaging as the latest OCT de-
vices do not require pupil dilation and thus we could
simulate the real-life settings of a screening scenario
where an operator with basic training is capturing
images.
There were several studies published earlier about the

error types and their frequencies in automatic macular
thickness measurements with different devices and in
cases of various retinal pathologies [27]. The possible
OCT image artifact categories were published by Ray
et al. [18] using a time-domain OCT device, from which
we observed four: inner retinal misidentification, outer
retinal misidentification, degraded image and “off-cen-
ter” artifacts. In the case of SD-OCT novel artifacts have
also been described lately: incomplete segmentation lines
and no segmentation lines being placed along the inner
or the outer retina [27,28], but we did not see such arti-
facts in our study.
Recently, Giani et al. compared automatic RTM errors

of six SD-OCT devices in healthy subjects and in eyes
with various pathological conditions [19]. According to
their results, RTVue did not make errors in the case of
healthy subjects, but in eyes with neovascular AMD or
cystoid macular edema errors were detected in 58.3%
and 38.4%, respectively, with the majority of errors lo-
cated in the central area [19]. Similarly, Ho et al. found
that RTVue had clinically significant errors in the central
parts of the scans in 69% in eyes with AMD and in 25%
in eyes with DME [29]. Interestingly, other SD-OCT
devices used in their study showed a lower error rate;
however, a number of studies have found the high repro-
ducibility of RTVue measurements [29-33].
Han et al. examined the type and frequency of image

artifacts in two different SD-OCT devices in four disease
groups and healthy subjects [28]. A significant difference
in artifact frequency was observed between healthy eyes
and pathologic cases, for most error types. In eyes with
AMD the misidentification of the outer retinal border
was more frequent than that of the inner, due to the
disruption of the RPE and outer retinal layers, with a
clinically significant error observed in 5.1% and 8% of
the scans.
Schneider et al. examined RBDEs in Stratus OCT im-

ages in the eyes of patients with diabetic retinopathy
[34]. Most of the artifacts were produced by hard



Table 5 The regional retinal thickness values obtained with suboptimal and optimal scan distance settings

“All-eyes” group Normal group

ETDRS regions Suboptimal setting (μm) Optimal setting (μm) p Suboptimal setting (μm) Optimal setting (μm) p

R1 295.7 ±137.7 301.0 ±139.5 0.100 242.5 ±17.8 242.1 ±17.1 0.208

R2 340.7 ±78.9 342.2 ±85.8 0.072 327.3 ±10.4 326.8 ±12.4 1.000

R3 338.9 ±95.9 348.6 ±103.3 0.106 323.3 ±17.9 320.7 ±13.8 0.063

R4 335.4 ±78.8 349.3 ±95.4 0.178 323.1 ±15.7 327.2 ±13.8 0.944

R5 338.1 ±98.6 348.7 ±102.4 0.734 309.8 ±12.0 316.1 ±13.6 0.919

R6 303.9 ±54.9 303.6 ±55.5 0.023 289.9 ±9.6 285.7 ±15.3 0.735

R7 319.7 ±64.3 304.3 ±59.4 0.627 306.1 ±10.7 285.0 ±8.8 0.445

R8 293.6 ±49.7 293.3 ±54.4 0.280 282.5 ±11.1 279.6 ±12.0 0.183

R9 305.1 ±61.8 313.0 ±65.8 0.290 284.5 ±9.8 282.8 ±10.0 0.066

DME group AMD group

ETDRS regions Suboptimal setting (μm) Optimal setting (μm) p Suboptimal setting (μm) Optimal setting (μm) p

R1 400.9 ±196.5 419.6 ±195.0 0.541 243.7 ±36.8 247.3 ±37.3 0.173

R2 398.5 ±108.7 405.8 ±122.7 0.042 296.4 ±35.7 298.8 ±34.8 0.477

R3 404.1 ±137.3 431.8 ±144.7 0.477 289.4 ±38.5 299.0 ±38.4 0.646

R4 397.2 ±104.0 428.1 ±131.2 0.646 285.8 ±32.8 298.2 ±34.5 0.097

R5 415.2 ±137.6 438.9 ±139.7 0.083 289.3 ±30.6 296.8 ±25.8 0.359

R6 347.6 ±73.7 343.3 ±77.2 0.008 274.3 ±23.4 284.1 ±31.1 0.314

R7 369.8 ±87.2 363.0 ±72.2 0.260 283.3 ±26.0 268.9 ±20.5 0.445

R8 336.4 ±59.2 341.3 ±70.6 0.919 261.9 ±28.9 262.3 ±21.7 0.477

R9 362.0 ±75.6 373.8 ±85.6 0.154 268.7 ±25.9 285.6 ±23.4 0.086

The thickness values are shown as means ± SD. Regional retinal thickness values between the suboptimal and optimal scan distance settings were compared
using Wilcoxon test. Bold and italic font is used for the indication of significant differences between groups.
Abbreviations: DME diabetic macular edema, AMD age-related macular degeneration, ETDRS Early Treatment Diabetic Retinopathy Study.
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exudates (41.5%), cystoid macular edema (31.7%) and fi-
brovascular proliferative tissue formation (17.0%) leading
to the misidentification of retinal boundaries of the
retina.
The outer RBDEs were examined by Costa et al. (2004)

in different pathologic cases, among others in DME [16].
They found that there are two high density layers in the
outer retinal boundary, the inner forming the line used in
the thickness measurement. In the case of DME this layer
was not detectable, leading to the segmentation artifacts,
similarly to our results.
In a recent study, Song et al. examined segmentation

and RBDEs in eyes without diseases and with retinal or
subretinal diseases using SD-OCT [35]. In eyes with
neovascular AMD segmentation errors occurred in
95.2% of the cases, and involved both the inner and
outer boundaries. Inner RBDEs were also frequent in
DME eyes (68%), while in normal eyes the frequency of
segmentation errors was 30%. Errors in the central
1 mm region were examined with two protocols (12
macular scans and a 3D macular cube scan) in the three
examination groups. Frequencies of central segmentation
errors for the two protocols were the highest in the
subretinal group (77.4% and 83.9% respectively) with less
errors in the retinal group (67.7% and 68.9%, respectively),
and normal subjects (27.5% and 22.5%, respectively).
In order to minimize the number of errors, optimal

OCT settings are necessary, most of which can be auto-
matically set by the OCT software. However, scanning
distance plays an equally important role in obtaining a
good quality scan mostly because of the effect of the
pupil aperture due to the decreased field of view.
In our study we found significant differences in the

number of boundary detection errors between optimal
and suboptimal distance settings in healthy eyes and
eyes with DME, while there was a high number of
RBDEs regardless of the setting in AMD which is in ac-
cordance with previous reports. In our observation the
errors were predominant in the peripheral regions of the
macula. In the central region there was only a non-
significant trend towards a lower error rate with optimal
settings. For the entire scan length the errors were sig-
nificantly less with optimal settings in the healthy and
DME groups. Not surprisingly, signal strength did not
correlate with the number of RBDEs in the case of
AMD, which means that there is always a high number



Table 6 Intraclass correlation coefficients (ICC) of the
retinal thickness values by study groups

All eyes Normal DME AMD

R1 0.995 0.978 0.994 0.973

[0.990; 0.998] [0.909; 0.995] [0.979; 0.999] [0.896; 0.993]

R2 0.988 0.983 0.986 0.992

[0.975; 0.994] [0.935; 0.996] [0.942; 0.996] [0.968; 0.998]

R3 0.991 0.990 0.992 0.940

[0.981; 0.996] [0.953; 0.997] [0.970; 0.998] [0.790; 0.985]

R4 0.988 0.989 0.983 0.991

[0.976; 0.994] [0.957; 0.997] [0.938; 0.996] [0.959; 0.998]

R5 0.998 0.925 0.998 0.974

[0.995; 0.997] [0.731; 0.981] [0.993; 1.000] [0.905; 0.993]

R6 0.992 0.978 0.990 0.980

[0.982; 0.996] [0.916; 0.995] [0.946; 0.998] [0.927; 0.995]

R7 0.992 0.924 0.996 0.931

[0.984; 0.996] [0.741; 0.980] [0.985; 0.999] [0.762; 0.982]

R8 0.866 0.953 0.771 0.976

[0.739; 0.933] [0.817; 0.988] [0.212; 0.919] [0.914; 0.994]

R9 0.995 0.927 0.993 0.991

[0.990; 0.998] [0.664; 0.983] [0.973; 0.998] [0.956; 0.998]

The results of the reliability examination of the retinal thickness values
between optimal and suboptimal scan distance settings are shown as ICC and
the lower and upper border of the 95% confidence intervals.
Abbreviations: ICC Intraclass correlation coefficients, DME diabetic macular
edema, AMD age-related macular degeneration.
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of errors regardless of the settings in OCT images ob-
tained from patients with AMD. Interestingly, a significant
correlation was observed between the SSI and the RBDE
scores in the central but not the peripheral scan regions in
the groups of healthy and DME eyes. When looking at all
eyes in the study, the number of RBDEs was significantly
influenced by the SSI both for the entire scan and separ-
ately for the central and peripheral parts.
Our results indicate that the effects of scanning dis-

tance on boundary detection errors are more predomin-
ant in cases where macular structure is less disrupted
(i.e. healthy normal eyes and DME), while high RBDE
scores were obtained regardless of the scan distance set-
ting and the SSI in eyes with AMD. Despite the number
of RBDEs depending on the scanning distance, we found
only minor differences in regional RTMs in all groups
involved in the study, indicating that scan distance set-
tings have only a moderate effect on regional RTMs.
Even though the MM5 protocol of the RTVue has a
higher scanning density compared to TD-OCT, its scan-
ning pattern is not comprising the whole structure of
the macula in detail. One possible explanation for our
results (ie. the low thickness measurement error vs. a high
number of RBDEs) may be mediated by the proprietary
algorithms using interpolation to obtain the regional
RTMs which could smooth out small measurement differ-
ences, rendering lower thickness errors in healthy eyes.
Although we did not assess the effect of RBDEs on the

precision of follow-up measurements, it may be stipu-
lated that images with more RBDEs may have lower reli-
ability in the precise follow up of thickness changes.
Both DME and AMD treatment strategies are in part
relying on changes of the central subfield mean thick-
ness which may highlight the importance of such meas-
urement errors.
Despite the above results there are some shortcomings

of the study. First, it is difficult to compare the method-
ology with other studies for the central area because
of the different study setup. Second, this research was
performed with one device, while other devices may
have different error characteristics and therefore are
results should be generalized with caution. Moreover,
although the error grading and scoring was strictly
defined, subjective factors could influence the final re-
sults. In addition, we involved a relatively low number
of patients; however, the study size is comparable to
other similar reports in the field. It should also be em-
phasized that OCT scan grading is time consuming
and altogether 600 scans were analyzed for the study,
with further attention to central or peripheral error lo-
cation. Another potential limitation is that our study
was based on non-mydriatic images as we were aiming
at the simulation of a screening procedure. It has been
shown previously that mydriasis is not affecting RNFL
thickness measurements significantly, therefore we be-
lieve it did not add significant bias to our study [36].
Finally, we could have involved other pathologies for
the comparisons, e.g. epiretinal membranes or retinal
dystrophies, but DME and AMD are the two most
important pathologies where OCT may play a crucial
decision making role.

Conclusions
To the best of our knowledge, this is the first study
examining the effect of SD-OCT scan distance on image
segmentation and retinal thickness measurements both
in the central and peripheral locations of OCT scans.
Retinal thickness measurements were proven to be ro-
bust in the central scan regions, not being influenced by
the scanning distance and the accordingly different
image quality. Despite this we believe that optimal dis-
tance settings are mandatory in order to obtain reliable
results by SD-OCT.

Abbreviations
AMD: Age-related macular degeneration; DME: Diabetic macular edema;
OCT: Optical coherence tomography; RBDE: Retinal boundary detection error;
RTM: Retinal thickness measurement; SSI: Signal strength index; SD-OCT: Spectral
domain optical coherence tomography.



Varga et al. BMC Ophthalmology 2014, 14:148 Page 9 of 10
http://www.biomedcentral.com/1471-2415/14/148
Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
VBE contributed to the collection, analysis and interpretation of the data, the
writing of the manuscript and the generation of the figures. ET participated
in the conception and design of the study, the collection, analysis and
interpretation of the data, the writing and critical revision of the manuscript,
the generation of the figures and tables. DCD contributed to the conception,
design and supervision of the study and critical revision of the manuscript.
GMS conceived the study, participated in its design and coordination, the
interpretation of the data and the critical revision of the manuscript. All
authors read and approved the final manuscript.

Acknowledgements
This study was supported in part by the Zsigmond Diabetes Fund of the
Hungarian Academy of Sciences and by an Eötvös Scholarship of the
Hungarian Scholarship Fund. The authors thank Éva Széles for her expert
technical assistance.

Received: 12 June 2014 Accepted: 10 November 2014
Published: 27 November 2014

References
1. Puliafito CA, Suppl: Optical coherence tomography: 20 years after.

Ophthalmic Surg Lasers Imaging 2010, 41:S5.
2. Huang Y, Cideciyan AV, Papastergiou GI, Banin E, Semple-Rowland SL,

Milam AH, Jacobson SG: Relation of optical coherence tomography to
microanatomy in normal and rd chickens. Invest Ophthalmol Vis Sci 1998,
39:2405–2416.

3. Chen TC, Cense B, Miller JW, Rubin PA, Deschler DG, Gragoudas ES, de Boer
JF: Histologic correlation of in vivo optical coherence tomography
images of the human retina. Am J Ophthalmol 2006, 141:1165–1168.

4. Hee MR, Izatt JA, Swanson EA, Huang D, Schuman JS, Lin CP, Puliafito CA,
Fujimoto JG: Optical coherence tomography of the human retina. Arch
Ophthalmol 1995, 113:325–332.

5. Huang J, Liu X, Wu Z, Xiao H, Dustin L, Sadda S: Macular thickness
measurements in normal eyes with time-domain and Fourier-domain
optical coherence tomography. Retina 2009, 29:980–987.

6. Puliafito CA, Hee MR, Lin CP, Reichel E, Schuman JS, Duker JS, Izatt JA,
Swanson EA, Fujimoto JG: Imaging of macular diseases with optical
coherence tomography. Ophthalmology 1995, 102:217–229.

7. Broecker EH, Dunbar MT: Optical coherence tomography: its clinical use
for the diagnosis, pathogenesis, and management of macular
conditions. Optometry 2005, 76:79–101.

8. Hee MR, Puliafito CA, Duker JS, Reichel E, Coker JG, Wilkins JR, Schuman JS,
Swanson EA, Fujimoto JG: Topography of diabetic macular edema with
optical coherence tomography. Ophthalmology 1998, 105:360–370.

9. Browning DJ, McOwen MD, Bowen RM Jr, O’Marah TL: Comparison of the
clinical diagnosis of diabetic macular edema with diagnosis by optical
coherence tomography. Ophthalmology 2004, 111:712–715.

10. Hee MR, Puliafito CA, Wong C, Duker JS, Reichel E, Rutledge B, Schuman JS,
Swanson EA, Fujimoto JG: Quantitative assessment of macular
edema with optical coherence tomography. Arch Ophthalmol 1995,
113:1019–1029.

11. Hee MR, Baumal CR, Puliafito CA, Duker JS, Reichel E, Wilkins JR, Coker JG,
Schuman JS, Swanson EA, Fujimoto JG: Optical coherence tomography of
age-related macular degeneration and choroidal neovascularization.
Ophthalmology 1996, 103:1260–1270.

12. Chin EK, Sedeek RW, Li YJ, Beckett L, Redenbo E, Chandra K, Park SS:
Reproducibility of macular thickness measurement among five OCT
instruments: effects of image resolution, image registration, and eye
tracking. Ophthalmic Surg Lasers Imaging 2012, 43(2):97–108.

13. Forte R, Cennamo GL, Finelli ML, de Crecchio G: Comparison of time
domain Stratus OCT and spectral domain SLO/OCT for assessment of
macular thickness and volume. Eye 2009, 23(11):2071–2078.

14. Sadda SR, Wu Z, Walsh AC, Richine L, Dougall J, Cortez R, LaBree LD: Errors
in retinal thickness measurements obtained by optical coherence
tomography. Ophthalmology 2006, 113(2):285–293.

15. Hee MR: Artifacts in optical coherence tomography topographic maps.
Am J Ophthalmol 2005, 139(1):154–155.
16. Costa RA, Calucci D, Skaf M, Cardillo JA, Castro JC, Melo LA Jr, Martins
MC, Kaiser PK: Optical coherence tomography 3: automatic
delineation of the outer neural retinal boundary and its influence
on retinal thickness measurements. Invest Ophthalmol Vis Sci 2004,
45(7):2399–2406.

17. Somfai GM, Salinas HM, Puliafito CA, Fernandez DC: Evaluation of potential
image acquisition pitfalls during optical coherence tomography and
their influence on retinal image segmentation. J Biomed Opt 2007,
12(4):041209.

18. Ray R, Stinnett SS, Jaffe GJ: Evaluation of image artifact produced by
optical coherence tomography of retinal pathology. Am J Ophthalmol
2005, 139(1):18–29.

19. Giani A, Cigada M, Esmaili DD, Salvetti P, Luccarelli S, Marziani E, Luiselli C,
Sabella P, Cereda M, Eandi C, Staurenghi G: Artifacts in automatic retinal
segmentation using different optical coherence tomography
instruments. Retina 2010, 30(4):607–616.

20. Costa RA: Evaluation of image artifact produced by optical
coherence tomography of retinal pathology. Am J Ophthalmol 2005,
140(2):349–350.

21. Leung CK, Chan WM, Chong KK, Chan KC, Yung WH, Tsang MK, Tse RK,
Lam DS: Alignment artifacts in optical coherence tomography analyzed
images. Ophthalmology 2007, 114(2):263–270.

22. Mylonas G, Ahlers C, Malamos P, Golbaz I, Deak G, Schuetze C, Sacu S,
Schmidt-Erfurth U: Comparison of retinal thickness measurements and
segmentation performance of four different spectral and time domain
OCT devices in neovascular age-related macular degeneration. Br J
Ophthalmol 2009, 93(11):1453–1460.

23. Huang J, Liu X, Wu Z, Sadda S: Image quality affects macular and
retinal nerve fiber layer thickness measurements on fourier-domain
optical coherence tomography. Ophthalmic Surg Lasers Imaging 2011,
42(3):216–221.

24. Folio LS, Wollstein G, Ishikawa H, Bilonick RA, Ling Y, Kagemann L, Noecker
RJ, Fujimoto JG, Duker JS, Schuman JS: Variation in signal quality as an
indicator of Retinal Nerve Fiber Layer (RNFL) segmentation error using
Optical Coherence Tomography (OCT). Invest Ophthalmol Vis Sci 2010,
51(5):4402.

25. Folio LS, Wollstein G, Ishikawa H, Bilonick RA, Ling Y, Kagemann L, Noecker
RJ, Fujimoto JG, Schuman JS: Variation in optical coherence tomography
signal quality as an indicator of retinal nerve fibre layer segmentation
error. Br J Ophthalmol 2012, 96(4):514–518.

26. Tátrai E, Ranganathan S, Ferencz M, DeBuc DC, Somfai GM: Comparison of
retinal thickness by Fourier-domain optical coherence tomography and
OCT retinal image analysis software segmentation analysis derived from
Stratus optical coherence tomography images. J Biomed Opt 2011,
16(5):056004–056009.

27. Chhablani J, Krishnan T, Sethi V, Kozak I: Artifacts in optical coherence
tomography. Saudi J Ophthalmol 2014, 28(2):81–87.

28. Han IC, Jaffe GJ: Evaluation of artifacts associated with macular
spectral-domain optical coherence tomography. Ophthalmology 2010,
117(6):1177–1189. e1174.

29. Ho J, Sull AC, Vuong LN, Chen Y, Liu J, Fujimoto JG, Schuman JS,
Duker JS: Assessment of artifacts and reproducibility across
spectral- and time-domain optical coherence tomography devices.
Ophthalmology 2009, 116(10):1960–1970.

30. Kim JS, Ishikawa H, Sung KR, Xu J, Wollstein G, Bilonick RA, Gabriele ML,
Kagemann L, Duker JS, Fujimoto JG, Schuman JS: Retinal nerve fibre
layer thickness measurement reproducibility improved with spectral
domain optical coherence tomography. Br J Ophthalmol 2009,
93(8):1057–1063.

31. Garas A, Vargha P, Hollo G: Reproducibility of retinal nerve fiber layer and
macular thickness measurement with the RTVue-100 optical coherence
tomograph. Ophthalmology 2010, 117(4):738–746.

32. Giani A, Cigada M, Choudhry N, Deiro AP, Oldani M, Pellegrini M,
Invernizzi A, Duca P, Miller JW, Staurenghi G: Reproducibility of retinal
thickness measurements on normal and pathologic eyes by different
optical coherence tomography instruments. Am J Ophthalmol 2010,
150(6):815–824.

33. Sull AC, Vuong LN, Price LL, Srinivasan VJ, Gorczynska I, Fujimoto JG,
Schuman JS, Duker JS: Comparison of spectral/Fourier domain optical
coherence tomography instruments for assessment of normal macular
thickness. Retina 2010, 30(2):235–245.



Varga et al. BMC Ophthalmology 2014, 14:148 Page 10 of 10
http://www.biomedcentral.com/1471-2415/14/148
34. Schneider M, Seres A, Borgulya G, Nemeth J: Boundary detection errors on
optical coherence tomography images in patients with diabetic
retinopathy. Ophthal Surg Lasers Imaging 2010, 41(1):54–59.

35. Song Y, Lee BR, Shin YW, Lee YJ: Overcoming segmentation errors in
measurements of macular thickness made by spectral-domain optical
coherence tomography. Retina 2012, 32(3):569–580.

36. Massa GC, Vidotti VG, Cremasco F, Lupinacci APC, Costa VP: Influence of
pupil dilation on retinal nerve fibre layer measurements with spectral
domain OCT. Eye 2010, 24(9):1498–1502.

doi:10.1186/1471-2415-14-148
Cite this article as: Varga et al.: The effect of incorrect scanning distance
on boundary detection errors and macular thickness measurements by
spectral domain optical coherence tomography: a cross sectional study.
BMC Ophthalmology 2014 14:148.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	References

