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Spectral-domain OCT is an established tool to assist clinicians in detecting glaucoma and monitor disease progression. �e
widespread use of this imagingmodality is due, at least in part, to continuous hardware and so�ware advancements.However, recent
evidence indicates that OCT scan artifacts are frequently encountered in clinical practice. Poor image quality invariably challenges
the interpretation of test results, with potential implications for the care of glaucoma patients. �erefore, adequate knowledge of
various imaging artifacts is necessary. In this work, we describe several factors a	ecting Cirrus HD-OCT optic disc scan quality
and their e	ects on measurement variability.

1. Introduction

�e role of imaging in glaucoma management has signi
-
cantly increased in recent years [1, 2]. Among the available
imaging modalities, optical coherence tomography (OCT)
has gained widespread acceptance, in part due to contin-
uous technological improvements since its introduction in
1996 [3]. For example, modern spectral-domain (SD) OCT
devices are characterized by enhanced resolution, reduced
acquisition time and less operator dependence than time-
domain (TD) OCT [4, 5]. Furthermore, hardware and so�-
ware developments, including three-dimensional volumetric
scanning protocols, have been incorporated in commer-
cially available SD-OCTs, largely increasing the amount of
information available to physicians. However, despite these
remarkable advancements, recent evidence indicates that SD-
OCT imaging artifacts are a common 
nding in clinical
practice [6–9]. Poor scan quality can a	ect the ability of OCT
to detect glaucoma and monitor its progression. �erefore,
it is important for clinicians to identify the various OCT
imaging artifacts and critically evaluate test results.

�e purpose of the present work is to describe sev-
eral common factors a	ecting Cirrus HD-OCT (Carl Zeiss
Meditec, Dublin, CA; so�ware version 5.0.0.326) scan quality

and their e	ects on measurement variability using case
examples collected in the clinic.

For narrative purposes only, we conveniently classi
ed
factors a	ecting Cirrus HD-OCT scan quality as patient-
dependent, operator-dependent, and device-dependent.
However, readers should be aware of the large overlap
between these categories (i.e., scan artifacts o�en result from
a combination of patient-dependent, operator-dependent,
and device-dependent factors).

2. Patient-Dependent Factors

2.1. Pupil Size, Dry Eye, and Cataract. During scan acqui-
sition, the OCT light beam is emitted toward the desired
anatomic area, where the incident light is backscattered and
then captured by the instrument for subsequent processing
[3]. It follows that any obstacle to the pathway of the light
beam may reduce the signal-to-noise ratio and interfere
with the ability of Cirrus HD-OCT automated algorithm
to identify the retinal nerve 
ber layer (RNFL) boundaries
or key optic nerve head features, such as the optic disc
and cup margins, thus producing unreliable measures. Small
pupil, for example, may potentially reduce the amount and
quality of the signal detected by the instrument. However,
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Cirrus HD-OCT scans can be obtained in eyes with a pupil
diameter greater than twomillimeters. Recent studies did not

nd signi
cant changes in RNFL thickness before and a�er
dilation, suggesting that Cirrus HD-OCT results should not
be a	ected by pupil size [10, 11]. However, pharmacological
dilationmay be necessary in select cases with small pupil size.

Conditions such as glaucoma, dry eye and cataract
frequently coexist, due to their prevalence in the adult/aging
populations [12–14]. In addition, ocular surface disease and
dry eye syndrome are common in patients using topical
ocular hypotensive drugs [15]. OCT studies have shown
that dry eye and/or cataract diminish scan quality index
and decrease RNFL thickness measures (see below) [16–
21]. �is e	ect should always be considered during cross-
sectional or longitudinal evaluation of the RNFL, given the
potential risk of false positives in glaucoma detection or
disease progression.

Patients are commonly instructed not to blink during
camera alignment and scan acquisition; however, this may
cause tear 
lm evaporation and breakup, particularly in
patients with preexisting ocular surface disorders. �erefore,
careful observation of the live funduscopic “en-face” image
and the OCT tomograms is recommended, as it may reveal
tear 
lm disruption on the live image and signal degradation
with color attenuation on the OCT tomograms. Patients
should be encouraged to blink a few times immediately before
scan capture to ensure uniform tear 
lm distribution and to
preserve adequate scan quality.�ismay also improve patient
comfort, thus decreasing the likelihood of blinks or motion
artifacts (see below) during scan acquisition. However, in
some cases, arti
cial tears or gel may be necessary for
adequate ocular surface lubrication (Figure 1).

Unfortunately, the detrimental e	ects of cataract on OCT
scan quality are more di�cult to overcome, unless cataract
surgery is performed [17, 20]. Fine adjustments of the camera
alignment may be attempted to purposely redirect the light
beam through the areas of least cataract opacity to obtain
acceptable image quality. Ultimately, cataract surgery should
always be considered for optimal glaucoma management.

2.2. Floaters and Other Vitreous Opacities. Floaters and other
vitreous opacities have been documented in Cirrus HD-OCT
macular and optic disc scans [22, 23]. �ese opacities may
decrease scan quality by interfering with the light beam path,
as described above. However, the e	ects on OCT measures
are more closely related to their position within the scan area.
When a �oater is located on the scan circle (Figure 2(b)), a
classical vertical shadow of signal attenuation/interruption is
visible in the corresponding area of the circular tomogram
(Figure 2(c)). Caution is recommended when interpreting
the results, as the presence of the �oater may mimic initial
glaucomatous damage or falsely suggest thinning of a pre-
existing RNFL defect, particularly when it is located super-
otemporally or inferotemporally (Figure 2(d)). Although in
most cases this artifact is easily identi
able on the printout,
�oaters near the optic disc area may remain undetected due
to the presence of major retinal vessels and other graphical
items displayed on the en-face image (Figure 3). �erefore,
assessment of the tomograms intersecting the optic disc is

warranted. In the example presented in Figure 3(b), a �oater
was mistakenly incorporated as part of the inferonasal optic
disc area by the automated algorithm delineating the disc
margins. Along with changes to optic disc parameters, the
focal enlargement of the optic disc area dislocated the optic
disc center and the scan circle inferonasally, producing major
changes in RNFL thickness and classi
cation results (Figures
3(e)-3(f)) [22].

Floatersmay be successfully removed from the scan circle
and the optic disc area by asking the examinee to produce
brief to-and-fro eye movements immediately before scan
acquisition.

2.3. Epiretinal Membranes. In addition to the �oaters,
other vitreopathies may be responsible for RNFL thickness
changes. Recent studies have shown increased temporal and
average RNFL thickness in eyes with epiretinal membrane
(ERM), likely caused by ERM tractional forces on the retina
[24, 25]. �erefore, caution is needed when interpreting
RNFL thickness measures in eyes with ERM.

2.4. Blinks. Cirrus HD-OCT acquisition time is <2 seconds,
making this test suitable for routine clinical use. However,
blinks may still occur during this time frame. In the absence
of an eye tracking system, the acquisition process continues
uninterrupted even in the presence of blinks. �is leads to a
transient loss of data, which is proportional to the duration of
the blink.

�e e	ects of blinks on OCT measures depend on their
position within the scan area. For example, Figure 4 shows
twoblink artifacts.�eupper blink intersected the scan circle,
causing RNFL thinning and abnormal classi
cation results
in the sectors a	ected by the artifact (Figure 4(d)). Also, the
involvement of the superior pole of the optic disc led to
inaccurate optic disc margin delineation and distortion of
the optic disc shape, leading to superotemporal shi� of the
optic disc center with concomitant scan circle displacement
(Figures 4(e)-4(f)).

In general, blink artifacts can be prevented by allowing
the examinee to blink freely until completion of the camera
alignment process, followed by prompt noti
cation of the
imminent start of scan acquisition. In selected cases, arti
cial
tears or other lubricants may be indicated (see above).

2.5. Motion Artifacts. Motion artifacts result from eye move-
ments, such as horizontal saccades, during scan acquisition.
�ey typically appear on the en-face image as horizontal shi�s
of blood vessels’ path (Figure 5(a)), but they may remain
unnoticed when localized to the optic disc region or to areas
without retinal vessels (Figure 5(b)). Improvements in SD-
OCT scanning speed and acquisition time have reduced the
likelihood of motion artifacts in OCT scans. However, eye
movements still represent a potential problem for devices
lacking an eye tracking system or motion correction algo-
rithms. For example, Figure 5 shows a pair of Cirrus HD-
OCT optic disc scans collected on the same day.�e 
rst scan
is of adequate quality with a motion artifact away from the
optic disc. �e second scan, with a motion artifact passing
through the optic disc, shows apparent superotemporal RNFL
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Figure 1: Dry eye. Cirrus HD-OCT retinal nerve 
ber layer (RNFL) deviation maps ((a)-(b)), circular tomograms ((c)-(d)), and printout
results ((e)-(f)) before (le�) and a�er (right) instillation of arti
cial tears. Note the OCT color enhancement on the circular tomogram (d)
and the overall increased RNFL thickness a�er adequate ocular lubrication (f). SS: signal strength.

thinning not visible on color fundus photography (Figures
5(d)-5(e). �is motion artifact induced optic disc shape
distortion with shi� of the optic disc center and scan circle
displacement (Figure 5(f)). As a result, RNFL thickening was
evident in the sectors closer to the optic disc margin, while
RNFL thinning was seen in the sectors moved away from
the optic disc, in agreement with previous studies [26–30].

Motion artifacts are a common
nding in clinical practice and
studies evaluating the e	ects of multiple motion artifacts on
Cirrus HD-OCT measures are lacking.

Patient steady 
xation is required to avoid motion arti-
facts.�erefore, clear explanation of the scanning procedures
and timely noti
cation of imminent image acquisition may
be helpful. On-screen magni
cation of the en-face image
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Figure 2: Floater overlying the scan circle. In a Cirrus HD-OCT right optic disc scan, a �oater determined a black area of missing data on the
retinal nerve 
ber layer (RNFL) thickness map ((a) red arrow) and a cluster of red “superpixels” on the RNFL deviation map overlying the
inferotemporal sectors of the scan circle (b). A characteristic vertical black shadow interrupted the retinal pro
le and the RNFL segmentation
lines on the circular tomogram ((c) red arrow). A superonasal RNFL segmentation artifact from other cause is indicated by the yellow arrow.
In (d), the inferotemporal clock hours underlying the �oater presented RNFL thinning with “outside normal limits” classi
cation results.

may facilitate motion artifacts detection. For this purpose,
the path of the retinal vessels and the optic disc shape
should be carefully examined. Rescans should be attempted,
particularly with motion artifacts intersecting the scan circle
and/or the optic disc area. Careful interpretation of the
results, including clock hours RNFL thickness, is warranted
in scans with a motion artifact passing through the optic disc
[30].

2.6. Signal Strength. �e “strength” of the light signal back-
scattered by the ocular structures, calculated as signal to noise
ratio, has been conventionally used as an objectivemeasure of
scan quality. Numerical scan quality scores are conveniently
displayed on the printouts of commercially available SD-OCT
instruments [31]. For example, Cirrus HD-OCT scan quality
index, known as signal strength, ranges from 0 to 10. Only
scans with signal strength ≥6 should be considered, as per
manufacturer’s recommendation. �erefore, signal strength
maximization should be one of the operator’s goals. However,
as outlined above, several patient-related factors a	ect OCT
scan quality and decrease the signal strength, including
dry eye and media opacities [16–21]. In addition, operator-
dependent factors, such as improper OCT lens cleaning or
poor image centration, may also play a role (see below).

Several independent studies have shown that scans with
greater signal strength are associated with higher RNFL
thickness measures [32–36]. �is relationship also indicates
that signal strength reduction is associated with decreased
RNFL thickness, which may be erroneously interpreted as
the presence of glaucomatous damage on a cross-sectional
evaluation or as glaucomatous progression when multiple
OCT scans are compared over time (Figure 6). �erefore,
signal strength values should always be considered when
evaluating RNFL thickness measures.

3. Operator-Dependent Factors

3.1. OCT Lens Opacities. Opacities of the OCT lens, such
as those from 
ngerprints or accidental contact with the
patient’s periocular area or face (e.g., nose), may decrease
image quality and directly a	ect RNFL thicknessmeasures. In
Figure 7, for example, smudged OCT lens artifacts approach-
ing the scan circle are visible in the superonasal and super-
otemporal peripapillary areas of the right and le� eyes of the
same patient, respectively.

As shown in this example, OCT lens opacities typically
maintain identical shape and occupy the same position on the
en-face image over repeated testing. Periodic lens cleaning, as
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Figure 3: Floater overlying the optic disc region. Cirrus HD-OCT RNFL deviation maps ((a)-(b)), OCT tomograms ((c)-(d)), realigned en-
face images (e), and printout results (f) from two right optic disc scans collected on the same day. In the 
rst scan, the �oater was located
between the optic disc and the scan circle ((a) and (c), arrow). In the second scan, it was automatically included in the optic disc area ((b) and
(d), arrow). �e nasal margin of the �oater was mistakenly interpreted as the optic nerve head neural canal opening ((d) asterisk), leading to
increased rim and disc areas (f) and to inferonasal displacement of the optic disc center and the scan circle ((e) purple scan circle). Note the
retinal nerve 
ber layer thickening in the superotemporal clock hours, closer to the optic disc margin, and the corresponding thinning of the
inferonasal clock hours, moved further away from the optic disc. SS: signal strength.
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Figure 4: Blink artifacts. In a Cirrus-HD OCT right optic disc scan, two blinks produced two well-demarcated rectangular areas of missing
data and red “superpixels” spanning the entire width of the retinal nerve 
ber layer (RNFL) thickness map (a) and the RNFL deviation map
(b). �e upper blink a	ected the scan circle in two regions, as seen on the circular tomogram by two characteristic vertical black shadows
interrupting the retinal pro
le (c). Note the corresponding RNFL thinning with abnormal classi
cation results in clock hours 2 and 10 (d).
�e upper blink also a	ected the accuracy of the superior optic disc and cup margins ((e) arrows), leading to superotemporal scan circle
displacement (f).

directed by the manufacturer, coupled with careful handling
of the device by patients and test operators are necessary to
prevent the occurrence of these artifacts.

3.2. Incorrect Axial Alignment of the OCT Image. Improper
axial alignment occurs when the ocular structures are only
partially included within the acquisition frame, resulting in
image truncation. In Cirrus HD-OCT scans, the innermost
(e.g., peripapillary inner retinal layers) and outermost fea-
tures (e.g., optic disc cup) are particularly vulnerable to
this type of artifact, due to their proximity to the anterior
and posterior edges of the acquisition window, respectively.
Two examples are presented in Figure 8. In the 
rst case,
the inferonasal and inferotemporal peripapillary areas show
truncation of the inner retinal layers extending to the inferior
quadrant of the scan circle, thus producing inaccurate RNFL
delineation (Figure 8(g)). In the second case, there is partial
truncation of the optic disc cup, leading to algorithm failure
to localize the optic disc features (Figure 8(d)).

OCT image truncation may commonly occur in myopic
eyes with steep retinal curvature or in glaucomatous eyes
with deep optic disc cupping. Other causes include improper
distance between the eye and the device due to incorrect
patient positioning, or axial misalignment of the OCT
scanning head. Along with continuous monitoring of the
axial alignment during the imaging procedures, Cirrus HD-
OCT users are encouraged to use the “optimize” feature for
automated scan alignment and quality optimization. Proper
patient positioning is also important in preventing head tilt
and subsequent image rotation, another known cause of
RNFL thickness measurement variability [37].

4. Device-Dependent Factors

4.1. Inaccurate Optic Disc Margins Delineation. Cirrus HD-
OCT provides a series of optic disc parameters (e.g., optic
disc area, rim area, average and vertical cup-to-disc ratios,
and cup volume) through automated delineation of the optic
disc and cup margins. Adequate optic disc assessment relies



Journal of Ophthalmology 7

SS: 10/10

(a)

SS: 10/10

(b)

S

I

N T

102

46

112
97

59

41

39

88
143

130

79

72

116

96

120

89

89�m

(c)

S

107

127

46

79

47

39

52

121
130

102

49

65

126

116

118

80

I

N T

88�m

(d)

(e) (f)

Figure 5: Motion artifacts and scan circle displacement. Pair of Cirrus HD-OCT le� optic disc scans collected on the same day ((a)-(b)). In
the scan with a motion artifact passing through the optic disc ((b) arrow), printout results suggest superotemporal retinal nerve 
ber layer
(RNFL) thinning not con
rmed by color fundus photography ((d)-(e)). A�er realignment (f), this scan (purple scan circle) shows temporal
displacement above the motion artifact and nasal displacement below the motion artifact. Note RNFL thickening in the sectors moved closer
to the optic disc and RNFL thinning in the sectors moved away from the optic disc margin ((c)-(d)). SS: signal strength.
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Figure 6: Signal strength and retinal nerve 
ber layer (RNFL) thickness. Cirrus HD-OCT RNFL thickness maps ((a)–(f)), RNFL deviation
maps ((g)–(l)), circular tomograms ((m)–(r)), and printout results ((s)–(x)) from two eyes. All scans had signal strength ≥6, the cut-o	 for
acceptable image quality. Both cases show progressive signal attenuation ((m)–(o) and (p)–(r)), RNFL thinning and classi
cation changes
((s)–(u) and (v)–(x)), and worsening of the RNFL thickness maps and RNFL deviationmaps as signal strength decreases. Le�: scans collected
within a 2-week interval and sorted by decreasing signal strength; note the superotemporal reduction of the warmed-colored areas on the
RNFL thickness maps, indicating RNFL thinning ((a)–(c)), and the corresponding clusters of “superpixels” on the RNFL deviation maps
((g)–(i)). Right: scans collected consecutively on the same day; note the progressive inferotemporal expansion of the “superpixels” cluster on
the RNFL deviation maps ((j)–(l)). SS: signal strength.

on the ability of the automated algorithm to identify the
termination of the Bruch’s membrane, corresponding to the
optic disc edge [38, 39]. In addition, accurate delineation
of the optic disc area is necessary to calculate the optic
disc center and place the scan circle evenly around it. For
example, Figure 9 illustrates two examples of optic disc area
overestimation in scans with peripapillary atrophy (PPA)

and a �oater near the optic disc and two examples of optic
disc area underestimation from interference by blood vessels
and motion artifacts, all causing scan circle displacement.
In the presence of PPA, alterations of the OCT signal
re�ectance from retinal pigment epithelium disruption and
choriocapillaris atrophy [40], coupled with ultrastructural
Bruch’s membrane changes [41], possibly a	ected the correct
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Figure 7: Smudged OCT lens. Live Cirrus HD-OCT funduscopic images ((a)-(b)), retinal nerve 
ber layer (RNFL) deviation maps ((c),
(e)), and circular tomograms ((d), (f)) from the two eyes of the same individual. A smudged OCT lens artifact in the superonasal and
superotemporal peripapillary regions of the right and the le� eyes, respectively, approached the corresponding sectors of the scan circle.
In the right eye, note on the RNFL deviation map the yellow “superpixels” indicating localized RNFL thinning (c), despite apparent signal
uniformity on the circular tomogram (d). In the le� eye, note the discrete superotemporal area of signal attenuation on the circular tomogram
((f) arrows), possibly a	ecting the corresponding RNFL thickness measures.

identi
cation of the optic disc margin (Figure 9(a)). �e
vertical shadows of signal interruption induced by the �oater
and the particular blood vessels’ pattern in the optic disc
region were mistakenly interpreted as the optic nerve head
neural canal opening (Figures 9(b)-9(c)). Finally, the severe
optic disc shape distortion induced by two motion artifacts
determined obvious misidenti
cation of the optic disc struc-
tures (Figure 9(d)). As seen above, blinks or optic disc cup
truncation may also lead to unreliable or absent optic disc
parameters.

In each scan, careful inspection of the en-face image
and the tomograms intersecting the optic disc is necessary
to evaluate the accuracy of the optic disc outlining process.
Becausemanual correction of the discmargins is not allowed,
rescans should be attempted to obtain accurate optic disc
margin delineation.

4.2. Inaccurate Retinal Nerve Fiber Layer Segmentation. Esti-
mation of the RNFL thickness relies on the ability of Cirrus
HD-OCT to distinguish the RNFL from the other retinal
layers, a process known as segmentation. Severalmechanisms
may be responsible for inaccurate RNFL segmentation, such
as OCT signal attenuation with decreased re�ectance of

the RNFL induced by ocular media opacities (see also
Figure 2(c), yellow arrow). �e OCT signal may even be
partially interrupted as per the e	ect of blinks or �oaters
(Figures 2 and 4), causing localized failure to identify the
RNFL boundaries and decreased RNFL thickness measures.
Furthermore, truncation of the inner retinal layers may
determine algorithm failure or obvious RNFL segmentation
errors (Figure 8(g)). Finally, motion artifacts intersecting
the scan circle may facilitate inaccurate RNFL segmentation
(Figure 10).

A�er scan acquisition, careful assessment of the circu-
lar tomogram is necessary to exclude RNFL segmentation
artifacts. On-screen magni
cation of the circular tomogram
is advisable. In addition, the grayscale view may show 
ne
retinal details and segmentation errors that could be easily
missed using the standard false-color visualization mode
(Figure 10(e)) [3].

5. Conclusions

�is paper described factors a	ecting Cirrus HD-OCT optic
disc scan quality and their e	ects onmeasurement variability.
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(a) (b)

(c) (d)

(e) (f)
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Figure 8: Incorrect axial alignment. Cirrus HD-OCT retinal nerve 
ber layer (RNFL) thickness maps ((a)-(b)), RNFL deviation maps ((c)-
(d)), horizontal ((e)-(f)), and circular ((g)-(h)) tomograms from two eyes. Le� panels: partial truncation of the inner retinal layers; note the
black areas of missing data on the RNFL thickness map (a), the corresponding clusters of “superpixels” on the RNFL deviation map (c), and
the retinal nerve 
ber layer segmentation artifact ((g) arrows). Right panels: partial truncation of the optic disc cup (f); note the algorithm
failure to detect the optic disc (see (b), (d), and (f) and compare with the corresponding le� panels). �us, the scan circle was automatically
placed in the center of the image, resulting in inferior scan circle displacement ((d) double arrows).
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(a) (b)

(c) (d)

Figure 9: Cirrus HD-OCT inaccurate optic disc margin delineation from peripapillary atrophy, �oater, blood vessels’ pattern, and motion
artifacts ((a)–(d), red arrows). Color optic disc photographs are shown in the insets for comparison. Along with unreliable optic disc
parameters (not shown), note the scan circle displacement in all cases ((a)–(d), double arrows).

As a reference guide for imaging technicians and interpreting
physicians, these factors are summarized in Table 1.

Although Cirrus HD-OCT is remarkably less operator-
dependent than the previous TD-OCT, it appears that OCT
operators (e.g., technicians) still play a pivotal role. First,
they should be familiar with all known imaging artifacts and
adopt the necessary provisions to prevent or minimize their
occurrence. Second, they are typically the 
rst professionals
performing a scan quality check, an essential task that should
always precede the interpretation of test results. For this
purpose, careful examination of the di	erent graphical and
numerical items of the output is warranted, as demonstrated
in the above examples. Moreover, on-screen image magni-

cation may prove extremely useful in detecting imaging
artifacts otherwise not easily identi
able on the printout,
such as motion artifacts intersecting the optic disc or RNFL
segmentation errors. Prompt recognition of imaging artifacts
makes rescan attempts feasible and time-e�cient, as rescans
are most easily obtained when the patient is still seated at the
instrument.

�e examples presented also indicate that scan circle
displacement remains possible with Cirrus HD-OCT, despite

built-in automated algorithm for scan circle positioning
around the optic disc. Scan circle displacement should be
suspected in case of blinks, �oaters, or motion artifacts
involving the optic disc area, and careful inspection of the
optic disc contours is recommended for each scan.

It should be emphasized that SD-OCT devices have
di	erent technical speci
cations, scanning protocols and
detection algorithms [42, 43]. �erefore, not all factors
a	ecting measurement variability discussed in this paper
using Cirrus HD-OCT case examples may apply to other SD-
OCT instruments. For example, results from Spectralis OCT
(Heidelberg Engineering, GmbH, Heidelberg, Germany), the
new generation of RTVue OCTs (Optovue Inc., Fremont,
CA), or the latest Cirrus HD-OCT 5000 (see Hwang and
associates [44]), with their built-in eye tracking systems,
should be less a	ected by blinks or motion artifacts. On
the other hand, it is conceivable that dry eye and cataract,
�oaters, changes in scan quality index, OCT lens opacities,
or incorrect axial alignment may exert similar e	ects among
di	erent SD-OCT devices.

�e present work focused on Cirrus HD-OCT imaging
artifacts and did not cover other important sources of
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Figure 10: Inaccurate retinal nerve 
ber layer (RNFL) segmentation. Pair of right optic disc scans collected on the same day ((a)-(b)). �e
second scan presents with a motion artifact intersecting the temporal and nasal quadrants of the scan circle ((b) arrow), which is likely
responsible for the subtle RNFL segmentation error ((d)-(e), arrows) and the resulting temporal RNFL thickening with classi
cation change
((f)-(g)). SS: signal strength.

measurement variability speci
cally related to the patients’
anatomical features, such as axial length and refraction
[45–51]. For example, the Littman formula can be used
to correct axial length-related ocular magni
cation errors,
which typically occur in myopic eyes: � = � ⋅ � ⋅ �, where

� is the actual size of the ocular structure, � is the imaging
system magni
cation factor (i.e., � = 3.382 for Cirrus HD-
OCT), � is the ocularmagni
cation factor (�= 0.01306 ⋅ [axial
length − 1.82]), and � is the measurement as provided by the
instrument [52].
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In conclusion, continuous so�ware and hardware imple-
mentations make SD-OCT a dynamic and evolving imaging
modality. However, clinicians should be aware of its limita-
tions, and adequate knowledge of possible scan artifacts is
necessary for critical interpretation of the results. Clinical
decisions should never be driven by ocular imaging tests
only. Rather, a thorough ophthalmological examination and
complete visual function assessment remain essential tools in
the management of glaucoma patients.

Conflict of Interests

�e authors declare that there is no con�ict of interests
regarding the publication of this paper.

Acknowledgment

�is work was supported in part by an unrestricted grant
from Research to Prevent Blindness (RPB) to the University
of Texas Medical Branch, Galveston, Texas, USA.

References

[1] J. D. Stein, N. Talwar, A. M. Laverne, B. Nan, and P. R. Lichter,
“Trends in use of ancillary glaucoma tests for patients with
open-angle glaucoma from 2001 to 2009,” Ophthalmology, vol.
119, no. 4, pp. 748–758, 2012.

[2] D. S. Green
eld andR.N.Weinreb, “Role of optic nerve imaging
in glaucoma clinical practice and clinical trials,” American
Journal of Ophthalmology, vol. 145, no. 4, pp. 598.e1–603.e1,
2008.

[3] J. S. Schuman, “Spectral domain optical coherence tomography
for glaucoma (an AOS thesis),” Transactions of the American
Ophthalmological Society, vol. 106, pp. 426–458, 2008.

[4] G. Vizzeri, S. M. Kjaergaard, H. L. Rao, and L. M. Zangwill,
“Role of imaging in glaucoma diagnosis and follow-up,” Indian
Journal of Ophthalmology, vol. 59, no. 7, supplement, pp. S59–
S68, 2011.

[5] M. L. Gabriele, G. Wollstein, H. Ishikawa et al., “Optical coher-
ence tomography: history, current status, and laboratory work,”
Investigative Ophthalmology and Visual Science, vol. 52, no. 5,
pp. 2425–2436, 2011.

[6] S. Asrani, L. Essaid, B.D.Alder, andC. Santiago-Turla, “Artifacts
in spectral-domain optical coherence tomography measure-
ments in glaucoma,” JAMA Ophthalmology, vol. 132, no. 4, pp.
396–402, 2014.

[7] P. A. Keane, P. S. Mand, S. Liakopoulos, A. C. Walsh, and S. R.
Sadda, “Accuracy of retinal thickness measurements obtained
with Cirrus optical coherence tomography,” British Journal of
Ophthalmology, vol. 93, no. 11, pp. 1461–1467, 2009.

[8] J. Ho, D. P. E. Castro, L. C. Castro et al., “Clinical assessment of
mirror artifacts in spectral-domain optical coherence tomogra-
phy,” Investigative Ophthalmology and Visual Science, vol. 51, no.
7, pp. 3714–3720, 2010.

[9] I. C. Han and G. J. Ja	e, “Evaluation of artifacts associated with
macular spectral-domain optical coherence tomography,”Oph-
thalmology, vol. 117, no. 6, pp. 1177.e4–1189.e4, 2010.

[10] G. Savini, M. Carbonelli, V. Parisi, and P. Barboni, “E	ect of
pupil dilation on retinal nerve 
bre layer thickness measure-
ments and their repeatability with Cirrus HD-OCT,” Eye, vol.
24, no. 9, pp. 1503–1508, 2010.

[11] G. C. Massa, V. G. Vidotti, F. Cremasco, A. P. C. Lupinacci, and
V. P. Costa, “In�uence of pupil dilation on retinal nerve 
bre
layer measurements with spectral domain OCT,” Eye, vol. 24,
no. 9, pp. 1498–1502, 2010.

[12] E. K. Akpek and R. A. Smith, “Overview of age-related ocular
conditions,”�e American Journal of Managed Care, vol. 19, no.
5, pp. S67–S75, 2013.

[13] N. Congdon, J. R. Vingerling, and B. E. Klein, “Prevalence of
cataract and pseudophakia/aphakia among adults in the United
States,” Archives of Ophthalmology, vol. 122, no. 4, pp. 487–494,
2004.

[14] R. N. Weinreb, T. Aung, and F. A. Medeiros, “�e pathophysi-
ology and treatment of glaucoma: a review,” �e Journal of the
American Medical Association, vol. 311, no. 18, pp. 1901–1911,
2014.

[15] Z. Anwar, S. R. Wellik, and A. Galora, “Glaucoma therapy and
ocular surface disease: current literature and recommenda-
tions,”CurrentOpinion inOphthalmology, vol. 24, no. 2, pp. 136–
143, 2013.

[16] D. M. Stein, G. Wollstein, H. Ishikawa, E. Hertzmark, R. J.
Noecker, and J. S. Schuman, “E	ect of corneal drying on optical
coherence tomography,”Ophthalmology, vol. 113, no. 6, pp. 985–
991, 2006.

[17] J. C.Mwanza, A.M. Bhorade,N. Sekhon et al., “E	ect of cataract
and its removal on signal strength and peripapillary retinal
nerve 
ber layer optical coherence tomographymeasurements,”
Journal of Glaucoma, vol. 20, no. 1, pp. 37–43, 2011.

[18] M. P. Bambo, E. Garcia-Martin, S. Otin et al., “In�uence of
cataract surgery on repeatability and measurements of spectral
domain optical coherence tomography,” British Journal of Oph-
thalmology, vol. 98, no. 1, pp. 52–58, 2014.

[19] P. H. B. Kok, T. J. T. P. Van Den Berg, H. W. Van Dijk et al.,
“�e relationship between the optical density of cataract and
its in�uence on retinal nerve 
bre layer thickness measured
with spectral domain optical coherence tomography,” Acta
Ophthalmologica, vol. 91, no. 5, pp. 418–424, 2013.

[20] G. Savini,M. Zanini, and P. Barboni, “In�uence of pupil size and
cataract on retinal nerve 
ber layer thickness measurements by
stratus OCT,” Journal of Glaucoma, vol. 15, no. 4, pp. 336–340,
2006.

[21] N. R. Kim, H. Lee, E. S. Lee et al., “In�uence of cataract on time
domain and spectral domain optical coherence tomography
retinal nerve 
ber layer measurements,” Journal of Glaucoma,
vol. 21, no. 2, pp. 116–122, 2012.

[22] Y. H. Hwang and Y. Y. Kim, “E	ect of peripapillary vitreous
opacity on retinal nerve 
ber layer thickness measurement
using optical coherence tomography,” Archives of Ophthalmol-
ogy, vol. 130, no. 6, pp. 789–792, 2012.

[23] S. G. Schwartz, H. W. Flynn Jr., and Y. L. Fisher, “‘Floater
scotoma’ demonstrated on spectral-domain optical coherence
tomography and caused by vitreous opaci
cation,” Ophthalmic
Surgery Lasers and Imaging Retina, vol. 44, no. 4, pp. 415–418,
2013.

[24] Y. W. Kim, J. W. Jeoung, and H. G. Yu, “Vitreopapillary traction
in eyes with idiopathic epiretinal membrane: a spectral-domain



Journal of Ophthalmology 15

optical coherence tomography study,” Ophthalmology, vol. 121,
no. 10, pp. 1976–1982, 2014.

[25] L. Pierro, M. Gagliardi, S. Giatsidis, L. Iuliano, L. Berchicci, and
M. B. Parodi, “Spectral-domain optical coherence tomography
evaluation of vitreoretinal adhesions in idiopathic epiretinal
membranes,” Graefe’s Archive for Clinical and Experimental
Ophthalmology, vol. 252, no. 7, pp. 1041–1047, 2014.

[26] M. L. Gabriele, H. Ishikawa, G. Wollstein et al., “Optical
coherence tomography scan circle location and mean retinal
nerve 
ber layer measurement variability,” Investigative Oph-
thalmology and Visual Science, vol. 49, no. 6, pp. 2315–2321,
2008.

[27] G. Vizzeri, C. Bowd, F. A. Medeiros, R. N. Weinreb, and L. M.
Zangwill, “E	ect of improper scan alignment on retinal nerve

ber layer thickness measurements using stratus optical coher-
ence tomograph,” Journal of Glaucoma, vol. 17, no. 5, pp. 341–
349, 2008.

[28] C. Y. L. Cheung, C. K. F. Yiu, R.N.Weinreb et al., “E	ects of scan
circle displacement in optical coherence tomography retinal
nerve 
bre layer thickness measurement: a RNFL modelling
study,” Eye, vol. 23, no. 6, pp. 1436–1441, 2009.

[29] H. Zhu, D. P. Crabb, P. G. Schlottmann, G. Wollstein, and D.
F. Garway-Heath, “Aligning scan acquisition circles in optical
coherence tomography images of the retinal nerve 
bre layer,”
IEEE Transactions on Medical Imaging, vol. 30, no. 6, pp. 1228–
1238, 2011.

[30] G. Taibbi, G. C. Peterson, M. F. Syed, and G. Vizzeri, “E	ect
of motion artifacts and scan circle displacements on cirrus
HD-OCT retinal nerve 
ber layer thickness measurements,”
Investigative Ophthalmology and Visual Science, vol. 55, no. 4,
pp. 2251–2258, 2014.

[31] M. Balasubramanian, C. Bowd, G. Vizzeri, R. N. Weinreb, and
L. M. Zangwill, “E	ect of image quality on tissue thickness
measurements obtained with spectral domain-optical coher-
ence tomography,” Optics Express, vol. 17, no. 5, pp. 4019–4036,
2009.

[32] C. Y. L. Cheung, C. K. S. Leung, D. Lin, C.-P. Pang, and D. S. C.
Lam, “Relationship between retinal nerve 
ber layer measure-
ment and signal strength in optical coherence tomography,”
Ophthalmology, vol. 115, no. 8, pp. 1347.e2–1351.e2, 2008.

[33] G. Vizzeri, C. Bowd, F. A. Medeiros, R. N. Weinreb, and L. M.
Zangwill, “E	ect of signal strength and improper alignment
on the variability of stratus optical coherence tomography
retinal nerve 
ber layer thicknessmeasurements,”�eAmerican
Journal ofOphthalmology, vol. 148, no. 2, pp. 249.e1–255.e1, 2009.

[34] Z. Wu, M. Vazeen, R. Varma et al., “Factors associated with
variability in retinal nerve 
ber layer thickness measurements
obtained by optical coherence tomography,” Ophthalmology,
vol. 114, no. 8, pp. 1505–1512, 2007.

[35] C. Y. Cheung, D. Chen, T. Y. Wong et al., “Determinants of
quantitative optic nerve measurements using spectral domain
optical coherence tomography in a population-based sample of
non-glaucomatous subjects,” Investigative Ophthalmology and
Visual Science, vol. 52, no. 13, pp. 9629–9635, 2011.

[36] Z. Wu, J. Huang, L. Dustin, and S. R. Sadda, “Signal strength
is an important determinant of accuracy of nerve 
ber layer
thickness measurement by optical coherence tomography,”
Journal of Glaucoma, vol. 18, no. 3, pp. 213–216, 2009.

[37] Y. H. Hwang, J. Y. Lee, and Y. Y. Kim, “�e e	ect of head tilt
on the measurements of retinal nerve 
bre layer and macular

thickness by spectral-domain optical coherence tomography,”
British Journal of Ophthalmology, vol. 95, no. 11, pp. 1547–1551,
2011.

[38] N. G. Strouthidis, H. Yang, J. C. Downs, and C. F. Burgoyne,
“Comparison of clinical and three-dimensional histomorpho-
metric optic disc margin anatomy,” Investigative Ophthalmology
and Visual Science, vol. 50, no. 5, pp. 2165–2174, 2009.

[39] N. G. Strouthidis, H. Yang, B. Fortune, J. C. Downs, and C. F.
Burgoyne, “Detection of optic nerve head neural canal opening
within histomorphometric and spectral domain optical coher-
ence tomography data sets,” Investigative Ophthalmology and
Visual Science, vol. 50, no. 1, pp. 214–223, 2009.

[40] V.Manjunath, H. Shah, J. G. Fujimoto, and J. S. Duker, “Analysis
of peripapillary atrophy using spectral domain optical coher-
ence tomography,” Ophthalmology, vol. 118, no. 3, pp. 531–536,
2011.

[41] C. A. Curcio, P. L. Saunders, P.W. Younger, and G.Malek, “Peri-
papillary chorioretinal atrophy: Bruch’s membrane changes and
photoreceptor loss,”Ophthalmology, vol. 107, no. 2, pp. 334–343,
2000.

[42] G. Savini, M. Carbonelli, and P. Barboni, “Spectral-domain
optical coherence tomography for the diagnosis and follow-up
of glaucoma,” Current Opinion in Ophthalmology, vol. 22, no. 2,
pp. 115–123, 2011.

[43] C. K.-S. Leung, “Diagnosing glaucoma progression with optical
coherence tomography,” Current Opinion in Ophthalmology,
vol. 25, no. 2, pp. 104–111, 2014.

[44] Y. H. Hwang, M. Song, D. W. Kim, and K. B. Uhm, “Retinal
nerve 
ber layer thickness measurement repeatability for cirrus
HD-OCT retinal tracking system during eye movement,” Jour-
nal of Glaucoma, 2015.

[45] N. B. Patel, B. Garcia, and R. S. Harwerth, “In�uence of anterior
segment power on the scan path and RNFL thickness using SD-
OCT,” Investigative Ophthalmology and Visual Science, vol. 53,
no. 9, pp. 5788–5798, 2012.

[46] Y. H. Hwang, Y. Y. Kim, S. Y. Jin, J. H. Na, H. K. Kim, and Y.
H. Sohn, “Errors in neuroretinal rim measurement by Cirrus
high-de
nition optical coherence tomography in myopic eyes,”
British Journal of Ophthalmology, vol. 96, no. 11, pp. 1386–1390,
2012.

[47] O. J. Knight, C. A. Girkin, D. L. Budenz, M. K. Durbin, andW. J.
Feuer, “E	ect of race, age, and axial length on optic nerve head
parameters and retinal nerve 
ber layer thickness measured by
cirrus HD-OCT,” Archives of Ophthalmology, vol. 130, no. 3, pp.
312–318, 2012.

[48] G. Savini, P. Barboni, V. Parisi, and M. Carbonelli, “�e in�u-
ence of axial length on retinal nerve 
bre layer thickness and
optic-disc size measurements by spectral-domain OCT,” British
Journal of Ophthalmology, vol. 96, no. 1, pp. 57–61, 2012.

[49] G. Wang, K. L. Qiu, X. H. Lu et al., “�e e	ect of myopia on
retinal nerve 
bre layer measurement: a comparative study of
spectral-domain optical coherence tomography and scanning
laser polarimetry,” British Journal of Ophthalmology, vol. 95, no.
2, pp. 255–260, 2011.

[50] S. H. Kang, S. W. Hong, S. K. Im, S. H. Lee, and M. D. Ahn,
“E	ect ofmyopia on the thickness of the retinal nerve 
ber layer
measured by cirrus HD optical coherence tomography,” Inves-
tigative Ophthalmology and Visual Science, vol. 51, no. 8, pp.
4075–4083, 2010.



16 Journal of Ophthalmology

[51] C. K.-S. Leung, S. Mohamed, K. S. Leung et al., “Retinal
nerve 
ber layermeasurements inmyopia: an optical coherence
tomography study,” Investigative Ophthalmology and Visual
Science, vol. 47, no. 12, pp. 5171–5176, 2006.

[52] H. Littmann, “Determination of the real size of an object
on the fundus of the living eye,” Klinische Monatsblätter für
Augenheilkunde, vol. 180, no. 4, pp. 286–289, 1982.



Submit your manuscripts at

http://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 

Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment

AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 

Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


