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Different optical coherence tomography (OCT), both time-domain OCT and spectral-domain OCT, has been used to evaluate
anterior chamber cells in previous studies. Recently, commercial swept-source OCT was available. The comparison among
three kinds of OCTs have not been done before. Here, we compared their feasibility in discerning aqueous cells in vitro. The
peripheral blood was diluted to eight different cell concentrations and was packed into plastic-film bag. Each sample was test-
ed using different scan modes of three OCTs. It was easy to discern aqueous cells from background noise in both Visante
AS-OCT and RTVue XR Avanti OCT, but difficult in Casia SS-1000 OCT. The measured blood cell densities in
high-resolution corneal cross-sectional scan of Visante AS-OCT, cornea line scan and 3D cornea scan of RTVue XR Avanti
OCT were highly correlated with the actual blood cell concentration (Pearson correlation=0.991, 0.989, and 0.993 respective-
ly). The mean adjusted cell densities of cornea line scan (10.46+2.87 spots mm2) and 3D cornea scan (11.01+2.47 spots mm )
of RTVue XR Avanti OCT were significantly larger than that of Visante AS-OCT (1.55%1.75 spots mm ) (P<0.01). Our study
demonstrated that RTVue XR Avanti OCT, a spectral-domain OCT, is superior to other two OCTs in evaluating aqueous cells.
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INTRODUCTION matory cells in patients with uveitis (Agarwal et al., 2009;

Aqueous cell is an important sign of anterior chamber in-
flammation (Jabs et al., 2005). There are several ways to
quantify the aqueous cells, including slit-lamp biomicros-
copy (Jabs et al., 2005), ultrasound biomicroscopy (UBM)
(Peizeng et al., 2009), laser flare photometry (Ladas et al.,
2005) and optical coherence tomography (OCT) (Agarwal
et al., 2009; Igbre et al., 2014; Kumar et al., 2014; Li et al.,
2013; Sharma et al., 2015).

Previous studies used OCT in grading anterior chamber
inflammatory cells. These researches showed anterior seg-
ment OCT (AS-OCT) can detect anterior chamber inflam-
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Igbre et al., 2014; Li et al., 2013; Sharma et al., 2015) or
post ocular operation (Kumar et al., 2014). In addition,
AS-OCT has also been used to quantitatively assess the
anterior chamber cells in a small rodent model of uveitis
(Pepple et al., 2016). Advantages of using OCT to evaluate
anterior chamber cells are obvious. Firstly, it is a
non-contact procedure compared to UBM (Peizeng et al.,
2009). Secondly, it provides objective images compared to
slit-lamp biomicroscopy (Kumar et al., 2014). Thirdly, it
can be used in patients with corneal opacity compared to
laser flare photometry (Ladas et al., 2005).

Time-domain OCT (TD-OCT) (Li et al., 2013) and spec-
tral-domain OCT (SD-OCT) (Sharma et al., 2015) have
been used in previous studies. Recently, swept-source OCT
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(SS-OCT) (Baskaran et al., 2013) was available. The com-
parison of different OCT in grading aqueous cells has not
been studied before, thus we designed a research using an
in-vitro model to compare and evaluate TD, SD and
SS-OCT in discerning aqueous cells.

RESULTS

For Visante AS-OCT and RTVue XR Avanti OCT, the
scattered background noise of the images was uniform. It
was easy to discern the aqueous cells from the background
noise in these two OCTs (Figure 1). However, the high
background noise varied in Casia SS-1000 OCT, and the
aqueous cells were mostly found in the anterior center (Fig-
ure 1). It is difficult to discern aqueous cells from the back-
ground noise in Casia SS-1000 OCT. So we only compared
images obtained by Visante AS-OCT and RTVue XR
Avanti OCT.

The blood cell density measured using high-resolution
corneal cross-sectional scan of Visante AS-OCT was highly
correlated with the actual blood cell concentration (Pearson
correlation=0.991) (Figures 2 and 3). The linear regression
provided an estimate of OCT-measured blood cell density,

A

Figure 1 OCT images of different OCT scan modes for the same sample.
A, High-resolution corneal cross-sectional scan of Visante AS-OCT. B, 3D

cornea scan mode of RTVue XR Avanti OCT. C, Cornea line scan of

RTVue XR Avanti OCT. D, Angle HD scan mode of Casia SS-1000 OCT.
E, Anterior segment scan of Casia SS-1000 OCT.
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which equaled 0.0858xblood cell concentration —0.0419
(R*=0.982).

The blood cell density measured using cornea line scan
of RTVue XR Avanti OCT was highly correlated with the
actual blood cell concentration (Pearson correlation=0.989)
(Figures 4 and 5). The linear regression provided an esti-
mate of OCT-measured blood cell density, which equaled
0.5882xblood cell concentration +0.2048 (R2=O.9774).

The blood cell density measured using 3D cornea scan of
RTVue XR Avanti OCT was highly correlated with the ac-
tual blood cell concentration (Pearson correlation=0.993)
(Figures 6 and 7). The linear regression provided an esti-

Figure 2 The Visante AS-OCT images for different samples. A—H rep-
resents sample A—H.
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Figure 3 The blood cell density measured by Visante AS-OCT was
highly correlated with the actual blood cell concentration.

Figure 4 The cornea line scans of RTVue XR Avanti OCT for different samples. A—H represents sample A—H.
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Figure 5 The blood cell density measured by cornea line scan of RTVue
XR Avanti OCT was highly correlated with the actual blood cell concen-
tration.

mate of OCT-measured blood cell density, which equaled
0.7676xblood cell concentration +0.0454 (R*=0.9852).

The cell densities of eight samples measured by different
OCT modes were listed in Table 1. The adjusted cell densi-
ties (meanzstandard deviation) measured by high-resolution
corneal cross-sectional scan of Visante AS-OCT, cornea
line scan and 3D cornea scan of RTVue XR Avanti OCT
were (1.55%1.75), (10.46+2.87) and (11.01+2.47) spots mm™>
respectively. One-way ANOVA showed significant differ-
ence among three OCT scan modes (F=38.836, P<0.01).
Further analysis with LSD-¢ test revealed that the adjusted
cell densities measured by cornea line scan and 3D cornea
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scan of RTVue XR Avanti OCT were not significantly dif-
ferent (P=0.65), the adjusted cell densities measured by
cornea line scan or 3D cornea scan of RTVue XR Avanti
OCT were significantly larger than that of high-resolution
corneal cross-sectional scan of Visante OCT (P<0.01,
P<0.01 respectively).

The intrasession repeatability of measured aqueous cell
density using different OCT scan modes was listed in Table
2. The intraclass correlation coefficient (ICC) of intrases-
sion repeatability for high-resolution corneal cross-sectional
scan of Visante AS-OCT, 3D cornea scan and cornea line
scan of RTVue XR Avanti OCT was 0.975, 0.986 and 0.964
respectively.

DISCUSSION

We explored an in vitro model to discern aqueous cells us-
ing Visante AS-OCT, RTVue XR Avanti OCT and Casia
SS-1000 OCT, and compared their ability to detect blood
cells. Visante AS-OCT and RTVue XR Avanti OCT
showed better performance than Casia SS-1000 OCT in
discerning the aqueous cells. In addition, the adjusted cell
densities measured by cornea line scan and 3D cornea scan
of RTVue XR Avanti OCT were significantly larger than
that of high-resolution corneal cross-sectional scan of
Visante AS-OCT, suggesting that RTVue XR Avanti OCT

Figure 6 The 3D cornea scans of RTVue XR Avanti OCT for different samples. A—H represents sample A—H.

Table 1 The measured cell density and adjusted cell density of different OCT scan modes for eight samples

Actual cell concentration

Measured cell density (spots mm ™)

Adjusted cell density (spots mm™>)

Sample (><108 L™ Visante RTVue cornea line RTVue 3D cornea Visante RTVue cornea line RTVue 3D cornea
A 16 1.368 9.071 11.8 1.368 9.071 11.8
B 8 0.6437 6.041 7.385 1.2874 12.082 14.77
C 4 0.1697 2.495 2.841 0.6788 9.98 11.364
D 2 0.07986 1.459 1.715 0.63888 11.672 13.72
E 1 0.05974 0.6528 0.5858 0.95584 10.4448 9.3728
F 0.5 0.01609 0.4993 0.2759 0.51488 15.9776 8.8288
G 0.25 0.01733 0.1132 0.1697 1.10912 7.2448 10.8608
H 0.125 0.04542 0.05617 0.05766 5.81376 7.18976 7.38048
Table 2 Intrasession repeatability of aqueous cell measurements in each sample using different OCT scan modes
OCT scan mode 1CC 95% CI
High-resolution corneal cross-sectional scan of Visante AS-OCT 0.975 0.917-0.994
3D cornea scan mode of RTVue XR Avanti OCT 0.986 0.952-0.997

Cornea line scan of RTVue XR Avanti OCT

0.964 0.886-0.992
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Figure 7 The blood cell density measured by 3D cornea scan of RTVue
XR Avanti OCT was highly correlated with the actual blood cell concen-
tration.

had higher resolution in discerning aqueous cells than
Visante AS-OCT.

The measured cell densities of sample G and H were
larger than that of sample F in Visante AS-OCT, which was
not in concert with the actual cell concentration, which
might originate from the lower resolution of Visante
AS-OCT. Visante AS-OCT is not suggested to be used to
quantify the aqueous cells when its concentration is lower
than 5x10" cells L™,

Many kinds of commercial OCTs were available in clinic
to evaluate the anterior segment of eyeball (Agarwal et al.,
20009; Igbre et al., 2014; Kumar et al., 2014; Li et al., 2013;
Sharma et al., 2015). We only chose three commercial
OCTs in this study, which represent three kinds of OCTs.
To be specific, Visante AS-OCT is a TD-OCT with the
lowest A-scan speed among these three OCTs. It was the
first generation of OCT used to evaluate the aqueous cells.
Several studies showed that it can quantify the aqueous cells
both in vivo and in vitro (Agarwal et al., 2009; Igbre et al.,
2014; Li et al., 2013). RTVue XR Avanti OCT is a SD-OCT
with the highest A-scan speed among three OCTs we used
which has never been employed in discerning aqueous cells.
However, one study showed that RTVue-100 (Optovue Inc,
USA) can be used to image and grade aqueous cells in vivo
(Sharma et al., 2015), and clinical grading strongly corre-
lates with the number of cells in OCT image. RTVue XR
Avanti OCT is an upgraded version of RTVue-100, with
higher A-scan speed. It employs the light source centered on
840 nm. Cirrus HD Fourier-domain OCT (model 4000, Carl
Zeiss Meditec AG) (Kumar et al., 2014), another SD-OCT,
has also been used to evaluate the aqueous cells in vivo be-
fore. Previous studies showed that both TD-OCT and
SD-OCT were reliable in assessing aqueous cells in patients
with uveitis (Agarwal et al., 2009; Igbre et al., 2014; Li et
al., 2013; Sharma et al., 2015) or post intraocular surgery
(Kumar et al., 2014). Casia SS-1000 OCT is a swept-source
anterior segment OCT, it was widely used in anterior seg-
ment imaging due to its high scan speed and large scan field
(Baskaran et al., 2013). However, it was not used for dis-
cerning aqueous cells.

We used peripheral blood cells in our study, which con-
sists of majorly red blood cells (RBCs). It was different
from Li’s study (Li et al., 2013), which used latex micro-
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sphere. The average diameter of latex microsphere was only
3 um (Li et al., 2013). The cells in the anterior chamber in
uveitis patients are mainly neutrophilis, lymphocytes, mac-
rophages and monocytes (Chang et al., 2005; Rao, 2007).
The average diameter of neutrophils ranges from 12 to
15 pum. The average diameter of lymphocytes is about 7 pum,
and the average diameter of macrophage is about 21 pm.
The average diameter of monocytes ranges from 7 to 10 pm.
These four kinds of cells majorly in anterior chamber in
uveitis are significantly larger than latex microsphere, but
are similar to or slightly larger than peripheral red blood
cell. Rose-Nussbaumer et al. compared the optical proper-
ties of three types of inflammation cells and RBCs using
OCT. Their study showed that all cells appeared as hyperre-
flective spots in OCT images, and RBCs had similar aver-
age axial width with neutrophils, lymphocytes, and mono-
cytes (Rose-Nussbaumer et al., 2015). Considering the
comparable size of peripheral blood cells to inflammatory
cells of uveitis patients, we chose peripheral blood cells as
substitution in our study.

In our study, we evaluated the aqueous cells in vitro,
comparing to known concentration peripheral blood, in or-
der to test the feasibility of OCT on quantifying aqueous
cells and to set a standard for further use in vivo. Slit-lamp
biomicroscopy is currently the gold standard in grading an-
terior chamber inflammation (Jabs et al., 2005). The Stand-
ardization of Uveitis Nomenclature Working Group graded
the anterior chamber cells on a scale of zero to four based
on slit-lamp biomicroscopy (Jabs et al., 2005). However, it
was a subjective and hemi-quantifying method to evaluate
the anterior chamber inflammation. Several studies had
evaluated the feasibility of OCT in grading anterior cham-
ber cells in vivo and compared the results to silt-lamp bio-
microscopy grading (Kumar et al., 2014; Sharma et al,,
2015). However, there was no report on the OCT measure-
ment in comparison with actual cell density. Using known
concentration peripheral blood as a gold standard, we tested
the accuracy of three OCTs in detecting aqueous cells and
compared them quantitatively.

There were several limitations in this study. Firstly, we
chose the peripheral blood cells, which was different from
anterior chamber inflammation cells in vivo. Secondly, we
only tested it in vitro. In practice, aqueous cells moves dy-
namically, which may affect OCT scan image, especially in
OCT scan mode that required repeated scans. Thirdly, only
three commercial OCTs were evaluated in our study.

Despite these limitations, our study demonstrated the
feasibility of OCT to quantify the anterior chamber cells in
vitro, and the results showed a strong correlation between
the OCT measurement and actual cell concentration. OCT
can be a good tool in monitoring anterior chamber inflam-
mation, especially in the situation that the change of anterior
chamber inflammation is difficult to be detected by
slit-lamp microscopy. RTVue XR Avanti OCT, a SD-OCT,
is superior to other two OCTs in evaluating anterior cham-
ber cells. In conclusion, OCT system designed similar as
RTVue XR Avanti OCT was recommended in quantifying
the anterior chamber inflammation.
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MATERIALS AND METHODS

This study had prior approval from the Beijing Tongren
Hospital Institutional Review Board, and followed the ten-
ets of the Declaration of Helsinki. Written informed consent
was obtained from healthy volunteer.

Peripheral blood was obtained from a healthy volunteer.
As a criteria, the whole blood cell was counted by the au-
tomated hematology analyzer. Peripheral blood was antico-
agulated with ethylene diamine tetraacetic acid. As listed
below, the blood was diluted to eight different cell concen-
trations (Table 1) using 0.9% NaCl solution. The cell con-
centration was 1.6x10°, 8x10%, 4x10%, 2x10%, 1x10%, 5x10’,
2.5x10" and 1.25x107 cells L™ in sample A—H.

Each sample was packed into a small thin plastic-film
bag and scanned three times repetitively using three OCTs.
The OCT we used in this study include Visante AS-OCT
(Carl Zeiss Meditec, Inc., Ireland), RTVue XR Avanti with
AngioVue OCT (Optovue Inc) and the Casia SS-1000 OCT
(Tomey, Japan).

Visante AS-OCT is a TD-OCT. It utilizes light at 1,310 nm
wavelength. The scanning speed is 2,000 axial scans per sec-
ond. The axial resolution is 18 pm and the lateral resolution is
60 um. For each sample, more than three high-resolution cor-
neal cross-sectional (10 mmx3 mm) scans were obtained.

RTVue XR Avanti with AngioVue OCT is a SD-OCT. It
utilizes light at 840 nm wavelength. The scanning speed is
70,000 A-scans per second. The axial resolution is 5 um and
the beam width is 22 um. The anterior segment optical
adaptor lens was used for each scan. For each sample, two
scan protocols were performed, including cornea line scan
(8 mmx2 mm) and 3D cornea scan (4 mmx2 mm). More
than 3 scans were obtained for each mode.

Casia SS-1000 OCT is a SS-OCT. The scanning speed is
30,000 A-scans per second. The axial resolution is less than
10 pum and the lateral resolution is less than 30 pm. For each
sample, two scan modes were performed, including anterior
segment scan (16 mmx6 mm) and angle HD scan (8§ mmx
6 mm). More than three scans were obtained for each mode.

The hyperreflective spots seen in each OCT image were
counted manually in a single masked fashion by one of the
investigators (Xifang Zhang). The feasibility of discerning
aqueous cells from background noise was also evaluated
before cell counting for each OCT image. The area scanned
in each OCT image was calculated using Image J software
version 1.50 (National Institutes of Health). The cell density
for each OCT image was calculated as the number of hy-
perreflective spots divided by the area in each OCT image.

Statistical analysis

Data analysis was conducted by SPSS software version 20.0
(SPSS 1Inc, USA). The correlation of OCT-measured cell
density and the actual aqueous cell concentration was cal-
culated using Pearson correlation. A positive correlation
between the actual cell concentration and the cell density
measured from the AS-OCT image was considered signifi-
cant when R=0.5 with P<0.05. The measured cell density
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of each OCT mode for eight samples did not follow normal
distribution due to different dilution ratio (Table 1). The
adjusted cell density was calculated by multiplying meas-
ured cell density by the dilution ratio (Table 1). For exam-
ple, the adjusted cell density of sample B was calculated by
multiplying measured cell density by two, and the adjusted
cell density of sample C was calculated by multiplying
measured cell density by four. One-Way ANOVA analysis
was performed to determine whether the adjusted cell den-
sity among different OCT scan modes had significantly dif-
ference. Further analysis using LSD-f test was performed to
test the difference between every two modes. The intrases-
sion correlation coefficient was calculated to test the re-
peatability of each OCT scan mode.
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