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Abstract. The present study aimed to compare the imaging
performance of two ultra-wide-field fluorescein angiog-
raphy imaging systems, namely the OptosOptomap 200Tx
(Optos 200Tx) and the Heidelberg Spectralis (Spectralis). A total
of 18 patients (36 eyes) underwent angiography using the two
systems at the Department of Ophthalmology, Beijing Friendship
Hospital (Beijing, China) between January and June 2017. The
images were obtained as a single shot centered on the macula.
The total area and area within each of four visualized quadrants
were calculated and compared. The averages of the total and
individual quadrant area captured by the Optos 200Tx were
all larger than those obtained with the Spectralis (P<0.05). For
pair-wise comparison, the circular area centered on the macula
(radius of 10 and 15 mm) was displayed: Optos 200Tx 10 mm
(295.57 mm?) < Spectralis (520.11 mm?) < Optos 200Tx 15 mm
(596.45 mm?) < Optos 200Tx (804.36 mm?) (P<0.01). The
differences of each of the four quadrant areas were statistically
significant between the two systems (P<0.05). The mean size
of the areas was in the following order: Inferior < temporal <
superior < nasal for the Optos 200Tx, and inferior < temporal
< nasal < superior for the Spectralis. Further comparison of
the four-quadrant area indicated that the inferior quadrant of
the Optos 200Tx was smaller than the other three quadrants
(P<0.01) and the inferior quadrant of the Spectralis was smaller
than the superior quadrant (P<0.01). The total retinal area and
the retinal area of each quadrant captured by the Optos 200Tx
were larger than those captured with the Spectralis. The total
retinal area captured with the Optos 200Tx was able to cover
the mid-peripheral area and part of the far-peripheral area of
the retina, whereas the Spectralis only covered the mid-periph-
eral area.
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Introduction

Ultra-wide-field fluorescein angiography (UWFA) is a novel
technology that has developed rapidly in recent years (1,2).
As numerous pathological changes of fundus diseases occur
at the edge of the retina, the limitation of imaging leads to
insufficient diagnosis or underestimation of the severity of the
disease (3,4). Therefore, clear imaging of the edge of the retina
is important for the diagnosis, monitoring and prognostication
of patients with ocular fundus diseases. The traditional fundus
fluorescein angiography system may only provide a vision field
ranging from 30 to 55 degrees (5). Even with the conventional
7 standard field imaging proposed by the Early Treatment
Diabetic Retinopathy Study, it may only cover the 75-degree
fields, which accounts for ~25% of the total area of the retina.
Thus, it cannot fully display the retinopathy (6,7). By contrast,
the current ultra-wide-angle technology has been able to
provide a vision ranging from 100 to 200 degrees (8-10). In
addition, by using the traditional fundus fluorescein angiog-
raphy system, observation and precise measure of structures
and lesions around the edge of the fundus may only be
performed through later image reconstruction (11). However,
the blood circulation is a dynamic process and there is a time
delay in the images captured; therefore, there are certain limi-
tations in the observation of the structure of the retina and
choroid, as well as the blood circulation.

The current UWFA technology features ultra-wide-angle
color photography, autofluorescence imaging and fluorescein
angiography, and all of these have been widely used in the
observation and research of marginal retinal diseases (1,12).
However, clinical data produced using this imaging tech-
nology are still limited. By collecting clinical research data,
the advantages and disadvantages of UWFA technology may
be elucidated, which is key in the interpretation of images
and the application of UWFA may be constantly enhanced.
This will facilitate the accuracy of the assessment of fundus
diseases, even under complex conditions.

At present, the most widely used UWFA devices on the
market are the 200Tx Optos ultra-widefield imaging system
(Optus) and the Spectralis HRA+ optical coherence tomog-
raphy (OCT) system (Heidelberg Spectralis) (13,14). These two
types of ultra-wide-angle fundus imaging device may obtain
retinal images in a variety of modes of the posterior pole and
the marginal region through non-contact single photographing
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without any later image reconstruction (1,15). However, there
are certain different characteristics in imaging between the
two systems. On a single non-steered image, the Optos covers
a larger total retinal area and greater image variability than
the Spectralis, while the Spectralis captures the superior and
inferior retinal vasculature more peripherally (14). To date,
no comprehensive comparative analysis of the two imaging
systems has been performed. In the present study, macula
centered images obtained from a single shot by using the two
devices, Optos and Spectralis, were analyzed (Fig. 1). The total
area of the two UWFA images, as well as the retina imaging
area of the four quadrants, which are nasal, superior, inferior
and temporal, were compared. The present study provides
practical information for the clinical application of these two
systems.

Patients and methods

Study design and participants. A single-center, open-labeled
prospective cohort study was performed at the Department of
Ophthalmology, Beijing Friendship Hospital, Capital Medical
University (Beijing, China) from January to June 2017. A total
of 18 adult patients (36 eyes) were screened for inclusion. The
inclusion criteria were as follows: Age, =18 years; diopter
interstitial clear; best-corrected visual acuity >20/200. The
following exclusion criteria were applied: The eye condition
changed significantly during the first 3 months after the first
fundus examination; retinal detachment and choroidal detach-
ment; difficult image acquisition due to poor vision; intolerance
or poor cooperation with fluorescein fundus angiography (FFA)
examination; allergy to fluorescein sodium (for injection).

Fluorescein angiography and image selection. For outcome
evaluation, the total area and area within each of four visual-
ized quadrants (superior, inferior, nasal and temporal) were
calculated and compared. The 200Tx Optos ultra-wide field
imaging system (Optus) and the Spectralis HRA+OCT system
(Heidelberg Spectralis) were used to collect fundus angiog-
raphy images.

First, allergy to the contrast media was tested by a subcu-
taneous test; a specialized technician dilated the pupil for
half an hour by using tropicamide phenylephrine eye drops.
Subsequently, 1% fluorescein sodium diluent was injected
and observed to confirm that the patients were not allergic
to the contrast media. Subsequently, 5 ml 20% fluorescein
sodium injection was injected in 5 sec via the elbow vein.
For the Spectralis, after capturing a 30-sec video by using
a 102 degrees super wide-angle front lens, the patients were
instructed to rotate their eyeballs in 9 directions in turn:
The posterior pole, superior, superior temporal, temporal,
infratemporal, inferior, superior nasal, nasal and infra nasal
direction, and 1 image was collected per second. For the
Optos 200Tx, after capturing 60-sec images of the posterior
pole, the patients were instructed to rotate their eyeballs in 4
directions in turn: Superior, inferior, nasal and temporal, and
1 image was collected per second (Fig. 1). The retinogram
images of 30 sec to 3 min, clear, representative and venous
phase, were selected for comparative analysis. All of the angi-
ographic images were captured by an experienced technician.
UWFFA images from the Optos 200Tx were transformed to

stereographic projection images using proprietary software
available from the manufacturer (Doheny Eye Institute) before
quantitative analysis (16).

Quantitative analysis method and quality control of FFA
images. First, two different modal images of the Spectralis
and Optos 200Tx were calibrated and standardized by using
Imagel] 1.49b software (National Institutes of Health). The retina
profiles of the FFA images captured by the two devices were
then respectively depicted by using Adobe® Photoshop CS6
(Adobe Inc.). Grading results were saved as binary masks and
subsequently calculated in square millimeters by summing the
size of all pixels that make up the mask using the manufac-
turer's (16) quantification software (Doheny Eye Institute). If
the UWFA image was poor, the image quality was improved
by adjusting the contrast and brightness, and subsequently, the
contour of the image was accurately delineated and measured.
The analysis regions included the following: a) Centered on
the macula, the area was evenly divided into four quadrants:
Superior, inferior, nasal and temporal; b) centered on the
macula, areas with a diameter of 10 and 15 mm. The drawing
process is illustrated in Fig. 2 and 3. The total area and the four
quadrant areas of the contrast images captured with the two
devices were individually calculated. The total area (mm?) of
FFA retinal imaging and the captured area of the regions from
the two devices were compared.

Statistical analysis. SPSS 20.0 software (IBM Corp.) was
used for statistical analysis of the data. Measurement data
were expressed as the mean + standard deviation. For
comparison between different devices in the same test area,
a paired Student's t-test was used when data conformed to
a normal distribution and Wilcoxon's signed-rank test was
used when data did not conform to a normal distribution.
The Shapiro-Wilk method was used to test the normality of
distribution of the data. The Friedman test was used to assess
differences between directions with the same instrument, and
post-hoc analysis with a paired Student's t-test or Wilcoxon
signed-rank tests was performed with a Bonferroni correction
applied. All tests were bilateral and P<0.05 was considered to
indicate statistical significance.

Results

Characteristics of the participants. A total of 72 FFA images
from 18 patients (36 eyes) were included in the present
study (Table I), including 11 male cases with 22 eyes and
7 female cases with 14 eyes. The patients' age ranged from
53 to 82 years and the average age was 63.80+12.50 years. The
diseases included diabetic retinopathy (DR; 18 eyes), central
retinal vein occlusion (3 eyes), retinal branch vein occlusion
(3 eyes), wet age-associated macular degeneration (1 eye),
anterior ischemic optic neuropathy (1 eye), ocular ischemic
syndrome (1 eye) and retina lattice degeneration (1 eye), as
well as healthy eyes (n=8). All subjects were examined with
the Spectralis equipment first and then with the Optos 200Tx
after a period of time. The interval of the two examinations
was <3 months. In addition, a paired comparison of two
images obtained from the same eye of the same patient was
performed.
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Figure 1. Venography image of single shot with the macula as the center using (A) the Spectralis or (B) the Optos 200Tx system.

Spectralis 102°

Optos 200Tx 200°
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Figure 2. The 3D-transferred contrast images of the Spectralis and Optos 200Tx after standardization. The four quadrants of the superior, temporal, inferior
and nasal regions were classified with macula as the center. After the transformation into gray scale format image via Adobe Photoshop CS6, automatic

measurement of the area of the target retina was performed.

Table I. Demographic characteristics of the patients (n=18).

Item Value
Age (years) 63.80+12.50
Sex (male/female) 11/7

Disease type (eye/eyes)
Diabetic retinopathy 1
Central retinal vein occlusion
Retinal branch vein occlusion
Wet age-related macular degeneration
Anterior ischemic optic neuropathy
Ocular ischemic syndrome
Retina lattice degeneration
Healthy

OO = = = = D D OO

Data were expressed as mean + standard deviation.

Analysis of accurate measurement results of the FFA
imaging area. The total FFA retina imaging areas and the
areas of the two regions within the radius of the Spectralis

and Optos 200Tx are provided in Table II. The areas exhib-
ited the following trend: Spectralis 10 mm = Optos 200Tx
10 mm < Spectralis 15 mm < Spectralis total < Optos 200Tx
15 mm < Optos 200Tx total. The results suggested that there
was no statistically significant difference between total area
and 15-mm area of the Spectralis (P>0.05), while the other
differences in the pairwise comparisons were statistically
significant (P<0.05).

Analysis of area measurement results of FFA quadrant
imaging. A qualitative comparison of the retinal imaging area
in the four quadrants of the superior, temporal, inferior and
nasal field between the Spectralis and Optos 200Tx is provided
in Fig. 2, and an intra-group comparison of the four quad-
rants is also displayed in Fig. 2. The four quadrant imaging
areas of the Optos 200Tx FFA were larger than those of the
Spectralis and the difference was statistically significant. The
inter-group comparison of the four quadrant imaging areas of
the Spectralis and Optos 200Tx revealed statistically signifi-
cant differences (P<0.001). The further analysis indicated that
the order of the mean area was as follows: For the Spectralis,
inferior < temporal < nasal < superior; for the Optos 200Tx,
inferior < temporal < superior < nasal (Table IIT). The
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Table II. Comparison of FFA imaging total area between the Spectralis and Optos 200Tx.

Imaging method Optos 200Tx (mm?) Heidelberg Spectralis (mm?) Statistic (t/S) P-value
FFA imaging total 804.36+68.61 520.11£32.77 -25.939 <0.001
15 mm region 596.45+33.24 509.2+49.13 12.676 <0.001
10 mm region 295.57+293 291.79+17.68 5.000 0.453

Data were expressed as mean + standard deviation. The statistics of t and S are corresponding to a Paired Student's t-test and Wilcoxon
sign-rank test, respectively. FFA, fluorescein fundus angiography.

Table III. Inter-group comparison of four quadrant imaging areas of fluorescein fundus angiography.

Imaging orientation Optos 200Tx (mm?) Heidelberg Spectralis (mm?) Statistic(t/S) P-value
Superior 207.08+36.41 142.95+48.12 -294.000 <0.001
Inferior 162.21+£33.56 124.4+11.42 -328.000 <0.001
Nasal 226.11£22.18 133.2+14.2 -333.000 <0.001
Temporal 204.27+33.12 127.43£19.94 -20.039 <0.001

Data were expressed as mean + standard deviation. The statistics of t and S are corresponding to a Paired Student's t-test and Wilcoxon sign-
rank test, respectively.

Figure 3. Contrast images single shot with the macula as the center. Images of the same eye taken by (A) the Spectralis and (B) the Optos 200Tx. (C) Overlap
of the two images in A and B. The white spot is the macular fovea. The red and yellow circles are circles with the macular as the center and a radius of 10 and
15 mm, respectively. The blue circle indicates the contrast range of the Spectralis. The white dotted line in A is the retina imaging boundary of the Spectralis

and the white dotted lines in B and C are the retina imaging boundary of the Optos 200Tx.

differences in retinal imaging area between the inferior quad-
rant and the superior quadrant of the Spectralis FFA image
were statistically significant (Bonferroni-adjusted P<0.05),
while the remaining pairwise comparisons revealed no signifi-
cant difference (Bonferroni-adjusted P>0.05). Regarding the
area of the Optos 200Tx FFA retina imaging, the comparison
between the temporal and the superior quadrant indicated
no statistically significant difference (Bonferroni-adjusted
P>0.05), while the results of the pairwise comparisons of
other quadrants revealed statistically significant differences
(Bonferroni-adjusted P<0.05). The intra-group comparison for
the Optos 200Tx (Friedman test, P<0.001) and the Spectralis
(Friedman test, P=0.026) is provided in Tables IV and V,
respectively.

For the FFA macular-centered single-shot images that
were used to detect peripheral retinal hiatus, vascular leakage,

neovascularization and no perfusion area, the Optos 200Tx
was less likely to miss anomalies compared with the Spectralis
at 55 and 102 degrees. Furthermore, the lesions may be treated
by using a laser or other methods under the guidance of the
Optos 200Tx FFA, as presented in Fig. 4.

In the representative images in Fig. 5, the images were
taken for an FFA test, as a single shot with the macula as the
center and the patient had diabetes for 10 years. A microan-
gioma was detected in the inferior field using the Spectralis at
102 degrees, but nothing was detected using the Optos 200Tx.

Discussion
UWFA is a novel technology for retina examination, but its

clinical application of it is not very extensive (17), as clini-
cians are currently not very familiar with it. Elucidation of
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Figure 4. (A) Image captured with the Spectralis 55 degrees. (B) Image taken with the Spectralis 102 degrees + ICGA. (C) FFA image captured with the
Optos 200Tx with the macula as the center. (D) FFA image taken with the Optos 200Tx and the patient looking down to the right. The choroidal defect lesions
(red arrowheads) may be displayed with the Spectralis as well as with the Optos 200Tx, while the resolution and contrast of the Spectralis are better than those
of the Optos 200Tx. The green arrows in B and C and the blue arrow in D point to the lattice-like degeneration area of the peripheral retinal holes after laser
closure. The lattice-like degeneration area, which cannot be completely displayed by Spectralis 102 degrees FFA + ICGA imaging in B, is fully displayed on
the Optos 200Tx FFA image in C. The inferior peripheral retinal degeneration area that cannot be displayed in C is captured when the patient looks at the lower
right side. ICGA, indocyanine green angiography; FFA, fluorescein fundus angiography.

A B

Figure 5. Fluorescein fundus angiography images of the same eye with amicroangioma. (A) Image captured with the Spectralis 102 degree; the blue arrow
indicates microangioma. (B) Image captured with the Optos 200Tx 200 degrees; the microangioma lesion was not displayed, while the mottled fluorescence

in the peripheral temporal area of the retina is visible.

the advantages and disadvantages of UWFA technology may
allow for continuous enhancement of the clinical application
of UWFA and may lead to an improved understanding of
fundus diseases. The Optos 200Tx and Spectralis are the two
most widely used devices in the clinic and the present study
compared the imaging scope and characteristics of the two
devices.

In the present study, the total imaging area and the imaging
area of the four quadrants, namely superior, temporal, inferior

and nasal, of the two devices were first compared. The results
indicated that the total FFA imaging area and the area of the
four quadrants of the Optos 200Tx were significantly larger
than those of the Spectralis.

In addition, intra-group comparisons of the four quadrant
imaging areas (superior, temporal, inferior and nasal) of the
two sets of equipment were performed in the present study.
The results indicated that in the FFA images obtained from
a macular-centered single shot, the inferior quadrant was the
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Table IV. Comparison of different imaging positions of the
Optos 200Tx.

Table V. Comparison of different imaging positions of the
Heidelberg Spectralis.

Difference Statistic Difference Statistic
Imaging orientation value (mm?) t/S) P-value  Imaging orientation value (mm?) (t/S) P-value
Superior vs. inferior 4487+56.41 261.000 <0.001  Superior vs. inferior 18.55+56.09  203.000 0.001
Superior vs. nasal -19.02+37.92 -210.000 <0.001  Superior vs. nasal 9.75+48.96 80.000 0.213
Superior vs. temporal 2.81+37.75 0.447 0.658  Superior vs. temporal ~ 15.51+59.35  126.000 0.046
Inferior vs. nasal -63.9+3792 -330.000 <0.001 Inferior vs. nasal -8.8+19.48  -140.000 0.026
Inferior vs. temporal -42.06+42.64 -286.000 <0.001  Inferior vs. temporal -3.03+£16.37 -1.111 0.274
Nasal vs. temporal 21.84+4495 157.000 0.008  Nasal vs. temporal 5.77+27.79 10.000 0.878

Data were expressed as mean *+ standard deviation. The statistics of
tand S are corresponding to a Paired Student's t-test and Wilcoxon
sign-rank test, respectively.

Data were expressed as mean =+ standard deviation. The statistics of
tand S are corresponding to a Paired Student's t-test and Wilcoxon
sign-rank test, respectively.

smallest, while the superior and the nasal quadrants were
relatively large. It was speculated that this may be due to the
eyelash occlusion in the inferior quadrant and the contraction
of the orbicularis oculi muscle caused by strong light, while
the upper eyelid is relatively relaxed and easy to move away, so
the superior quadrant imaging is less affected. The comparison
indicated that there was almost no significant difference in
the imaging scope of the four quadrant radiography images
of the Spectralis; only the difference between the superior
and inferior was statistically significant. The possible reasons
why the inferior quadrant imaging area was less than that of
the superior quadrant were chiefly as follows: First, the small
sample size may have led to a larger class I error; furthermore,
all image peripheral deformations were corrected based on
the Optos 3D first and the area was then measured and this
may have introduced certain errors to the area measurement
with the Spectralis. For the LSD analysis of the imaging area
of quadrants of the Optos 200Tx, the pairwise comparisons
revealed statistically significant differences except for supe-
rior vs. temporal. The nasal and temporal imaging areas were
large and the superior and inferior areas were insufficient. The
study by Witmer et al (14) from 2013 indicated that the retinal
vascular imaging ranges of the nasal and temporal region of
the Optos 200Tx were closer to the edge than those of the
Spectralis, while the opposite was revealed for the superior
and inferior fields in the same aforementioned study. In the
present study, for the imaging area of each quadrant of the
two systems, the inferior field was the smallest, followed by
the temporal field. The Spectralis displayed the peripheral
retina structure more completely in the superior field, while
the Optos 200Tx better displayed the nasal and temporal
areas. This was highly consistent with the conclusions of
Witmer et al (14). In addition, in the present study, the images
of the superior and inferior quadrants of the Optos 200Tx were
frequently obscured by artifacts, eyelashes and eyelids.
Widmer et al (18) divided the retina into a middle round,
a ring-shaped area with a radius of 10-15 mm, and a distal
round, which is the peripheral ring-shaped area of the retina
with a radius of >15 mm. In the present study, the imaging
area of the FFA images centered on the macula and radii of
10 and 15 mm was measured with the two sets of devices and

compared. The areas exhibited the following trend: Spectralis
10 mm = Optos 200Tx 10 mm < Spectralis 15 mm < Spectralis
total < Optos 200Tx 15 mm < Optos 200Tx total, and the
differences were statistically significant. The further analysis
indicated that the difference of the FFA area between the total
and 15 mm of the Spectralis was not statistically significant,
but the other pairwise comparisons revealed significant differ-
ences. The overall FFA imaging area of the Optos 200Tx was
the largest and the imaging radius was >15 mm. This means
that the Optos 200Tx is able to cover the distal part of the
retina, which may display pathological changes of common
fundus diseases. The FFA imaging radius of the Spectralis
was close to or slightly longer than 15 mm, which means the
coverage of the Spectralis reached the middle retina and failed
to cover the far periphery. Therefore, the images taken with
the Spectralis system did not fully display any fundus lesions
in the distal round and the more peripheral areas, but this may
be compensated by the later image mosaicking.

The total area and the area of the four quadrants obtained
by FFA retinal imaging with the Optos 200Tx were larger than
those of the Spectralis and the total area exceeded the radius
of 15 mm. These results indicate that the imaging range of the
Optos 200Tx is better than that of the Spectralis. Although
the results of the present study suggest that the above two
ultra-wide-angle equipment provide a comprehensive display
of fundus lesions, including no perfusion area, microangioma,
vascular leakage, neovascularization and retinal degeneration,
when it comes to the peripheral retina, the Optos 200Tx was
indicated to be more capable of displaying the above-mentioned
fundus lesions (19). The Optos 200Tx is able to identify periph-
eral retinal lesions that are missed by the Spectralis, which is
of great value for the guidance of clinical treatments, including
laser therapy and intravitreal injection (19). This is of great
significance for the monitoring of ocular fundus diseases, e.g.
DR, middle and anterior uveitis and retinal vasculitis, which
frequently involve the distal peripheral retina.

The total imaging area of the Spectralis system was
slightly smaller than that of the Optos 200Tx and the
radius of the coverage region was between 10 and 15 mm.
Although its visible range is slightly smaller than that of the
Optos 200Tx and has certain limitations in the observation of
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distal peripheral fundus lesions, the resolution of the built-in
55-degree lens and the front 102-degree ultra-wide-angle lens
were better than those of the Optos 200Tx. Thus, small lesions
may be clearly displayed with the Spectralis and it is able to
detect microlesions of the macular region and the leakage of
small-branch vessels, including macular edema and macular
microangioma (20). The 102-degree ultra-wide-angle lens
of the Spectralis combined with full mydriasis and rotation
of the eye to different directions, as well as the later image
mosaicking, extend the observation area to the near serrated
edge (21). The combined application of the high-resolution
55-degree visual field imaging and the ultra-wide-angle lens
may potentiate the comprehensive and thorough observation
of minor lesions in key areas, including the peripheral reti-
nopathy and the macular region of the posterior pole, and is
able to reduce the missed diagnosis rate of the focal area. This
will facilitate the diagnosis and treatment guidance of fundus
diseases, including DR and isolated retinal vasculitis. These
compensate the shortage of range of Spectralis imaging. The
lesion of DR frequently occurs in the periphery of the retina,
while lesions of retinal vein occlusion frequently appear on
the posterior pole, near the periphery and around the middle
part (22). In clinical practice, suitable equipment should be
selected according to the imaging characteristics of UWFA
equipment and the characteristics of the disease.

There are certain drawbacks of the present study that
should be addressed: First, the sample size in the present
study was relatively small and this is also the major limi-
tation of the present study. Due to time constraints and
difficult sample acquisition conditions, 18 cases were finally
included. Compared with a previous study (14), in which only
5 patients with 10 eyes underwent ultra-widefield fluorescein
angiography using the Optos® panoramic P200Tx imaging
system and the non-contact ultra-widefield module in the
Heidelberg Spectralis® HRA+OCT system, the results were
similar with those of the current study. Furthermore, the
images taken with the Optos 200Tx and Spectralis were not
obtained simultaneously. Finally, due to time constraints
and the small number of patients in line with the inclusion
criteria, measurement of the non-perfusion area and assess-
ment of the influence of different imaging ranges of the two
UWFA devices on the ischemic index were not performed.
The analysis results and methodology in the present study
may help enhance the extent of clinical application of UWFA
technology. In the future, further cases will be collected to
reach a larger sample size and a more in-depth comparative
analysis will be performed.
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