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Branch retinal vein occlusion (BRVO) may be complicated with retinal ischemia in some cases. The
purpose of the current study is to investigate the relationship between optical intensity on optical
. coherence tomography (OCT) and retinal ischemia in BRVO. Twenty-seven eyes diagnosed with BRVO
: without macular edema were classified into two groups based on the presence or absence of retinal
ischemia. The optical intensity of inner retinal layers and photoreceptor inner segment ellipsoid zone/
retinal pigment epithelium layer (ISe/RPE) in the affected and unaffected regions were measured on
OCT. Their ratio (Optical intensity ratio, OIR) was calculated and compared between affected and
unaffected region. In the retinal ischemia group, the optical intensity of inner retinal layers was higher
. inthe affected region compared to the unaffected region while the optical intensity of ISe/RPE was low.
. The OIR was significantly higher in the affected region compared to control (0.83 +-0.17 vs 0.68 + 0.09,
. p<0.001). However, in the non-ischemic group, there was no significant difference between the
affected and unaffected region. The BCVA was moderately correlated with OIR of affected region
(r=0.489, p=0.010). Our study suggests that optical intensity ratio on OCT is correlated with retinal
ischemia in BRVO.

Retinal vein occlusion (RVO) is the second most common retinal vascular disease after diabetic retinopathy’-.
The Beaver Dam Study estimated the 15-year cumulative incidence of RVO at 2.3% in the population, with a
majority of these (78%) being branch retinal vein occlusion (BRVO)?®. The pathologic interruption of venous flow
© in BRVO patients almost occurs at retinal arteriovenous crossings, where a retinal artery crosses over a retinal
© vein®?. About 50% to 60% of patients with BRVO are classified as ischemic type'®!!, which is characterized by
. non-perfusion in the affected region. Retinal ischemia will lead to increased production of vascular endothelial
growth factor (VEGF) which can cause macular edema, retinal neovascularization, tractional retinal detachment
and neovascular glaucoma'?'*.

Traditionally fundus fluorescein angiography (FFA) has been the gold standard for evaluation of retinal vas-
culature'®!”. FFA is useful for identifying retinal non- perfusion and classifying ischemic vs non-ischemic BRVO.
However, as an invasive technique, intravenous administration of fluorescein may result in allergic reactions such
as vomiting, diarrhea, and allergic shock!3'. Also, it has some functional limitations, for example, it cannot show
a layer by layer retinal structural change®.

: Spectral domain Optical Coherence Tomography (SD-OCT), an in vivo, high-definition, medical imaging
: technique, is a noninvasive technology which provides cross-sectional images of the retinal microstructure?"?2,
Several studies have reported that retinal ischemia associated with diabetic retinopathy and RVO results in thin-
ning of the inner retina®*=?. An increase in the optical intensity in inner retinal layers is observed qualitatively
¢ in retinal ischemic disorders, such as retinal artery occlusion?®?’, diabetic retinopathy, retinal vein occlusion,
© hypertensive retinopathy, radiation retinopathy, HIV retinopathy®®, Purtscher’s retinopathy, and Purtscher like
© retinopathy?**. In our previous study®®?’, we quantitatively analyzed the optical intensity of retinal layers in
central retinal artery occlusion (CRAO). The results showed that optical intensity at inner retinal layers increases,
including retinal ganglion cell layer, inner plexiform layer, and inner nuclear layer/outer plexiform layer. The
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Non-ischemia | 1 M 53 OS | 78.69 101.81 150.91 173.30 0.52 0.59 0.1
Non-ischemia |2 M 81 OD |117.10 115.32 155.77 172.86 0.75 0.67 0.4
Non-ischemia | 3 F 61 OS | 70.60 62.25 116.97 101.66 0.60 0.61 0.2
Non-ischemia | 4 M 67 OS |89.08 90.09 13991 142.98 0.64 0.63 0.3
Non-ischemia | 5 M 67 OD 9731 99.09 141.72 142.21 0.69 0.70 1.1
Non-ischemia | 6 F 70 OD |96.57 80.85 120.83 115.67 0.80 0.70 0.3
Non-ischemia |7 F 66 OD | 107.47 |87.31 159.20 139.54 0.68 0.63 0.2
Non-ischemia | 8 M 67 OD |98.10 87.44 105.42 116.73 0.93 0.75 0.7
Non-ischemia | 9 M 65 OD |51.90 99.75 123.19 134.17 0.42 0.74 0.2
Non-ischemia | 10 M 64 OD | 84.00 76.67 125.89 131.57 0.67 0.58 0.3
Ischemia 11 M 63 OS |83.28 85.27 105.77 103.83 0.79 0.82 1.1
Ischemia 12 F 49 oS 112.73 | 86.16 114.36 106.58 0.99 0.81 0.6
Ischemia 13 M 66 [N 102.68 110.76 104.75 165.44 0.98 0.67 0.4
Ischemia 14 F 44 oS 116.84 100.33 127.34 158.17 0.92 0.63 0.2
Ischemia 15 F 64 OD | 124.29 114.13 156.47 161.64 0.79 0.71 0.6
Ischemia 16 M 49 OD | 140.01 110.23 137.98 169.14 1.01 0.65 0.3
Ischemia 17 F 49 OD | 102.04 |89.24 156.32 155.29 0.65 0.57 0.3
Ischemia 18 F 55 OS | 132.06 133.00 139.56 181.61 0.95 0.73 0.8
Ischemia 19 F 54 oS | 119.87 116.94 147.84 157.83 0.81 0.74 0.1
Ischemia 20 M 64 OS | 94.98 106.05 133.77 165.59 0.71 0.64 0.1
Ischemia 21 F 49 OD | 95.40 84.16 147.39 121.30 0.65 0.69 0.1
Ischemia 22 F 68 OS |99.68 84.58 128.46 137.29 0.78 0.62 0.1
Ischemia 23 M 79 OS | 94.02 79.25 151.99 144.10 0.62 0.55 0.7
Ischemia 24 M 63 OS | 161.04 132.98 146.23 174.22 1.10 0.76 14
Ischemia 25 F 49 OD | 105.44 110.03 99.41 148.45 1.06 0.74 0.7
Ischemia 26 M 48 OS | 96.00 102.40 116.73 154.16 0.82 0.66 0.8
Ischemia 27 F 56 oS | 72.72 57.16 144.69 122.11 0.50 0.47 0.2

Table 1. Characters of Included Subjects. Inner layers: including retinal nerve fiber layer, ganglion cell layer,
inner plexiform layer, inner nuclear layer, outer plexiform layer; ISe/RPE: photoreceptor inner segment ellipsoid
zone/retinal pigment epithelium; BCVA: best-corrected visual acuity; M: male; F: female.

optical intensity at photoreceptor inner segment ellipsoid zone and retinal pigment epithelium (ISe/RPE) layer

decreased. The ratio between the two optical intensity values was highly correlated with visual prognosis.
Retinal ischemia in BRVO may share similar characteristics with CRAO. The purpose of the current study is to

investigate the relationship between the optical intensity on OCT with retinal ischemia and visual acuity in BRVO.

Results

Twenty-seven eyes from 27 patients (14 males and 13 females) were included in this study. The mean age was
60.15 £ 9.23 years (range: 44-81 years). The demographic information, clinical and optical coherence tomo-
graphic characteristics are shown in Table 1. Table 2 showed the comparison of characteristics between the eyes
with and without retinal ischemia. The mean age in ischemic group was significantly younger compared to the
non-ischemic group (57.0 £ 9.5 vs 66.1 + 7.0, p=0.009). The BCVA was slightly worse in the ischemic group
compared to the non-ischemic group, however the difference was not statistically significant.

The ICC of optical intensity measurement was high in all regions of interest (ICC = 0.986, 0.994, 0.908, 0.968
for the inner retina at affected region, ISe/RPE at affected region, inner retina at unaffected region and IS/RPE at
unaffected region respectively).

The comparison of OCT characteristics between affected and unaffected region is shown in Fig. 1. In the
non-ischemic group, there was no significant difference between optical intensity of affected region and that of
unaffected region in inner retina or ISe/RPE, or their ratio (all the p > 0.05). In the ischemic group, the optical
intensity of affected region was significantly higher than that of unaffected region in inner retina (109.0 +21.8 vs
100.1£20.0, p=0.012), and lower in ISe/RPE (132.9 £ 18.7 vs 148.6 ==23.1, p=0.021). The OIR was significantly
higher in the affected region compared to that of unaffected region (0.83 =0.17 vs 0.68 - 0.09, p < 0.001). Among
all the BRVO patients, the OIR of affected region was positively correlated with BCVA (r =0.489, p=0.010, Fig. 2).

Discussion

Our study found that in regions with retinal ischemia in BRVO, the optical intensity of inner retinal layers
increased, the intensity in outer retina decreased and the OIR increased. Furthermore, OIR was moderately cor-
related with BCVA.
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Ischemia Non-ischemia P Statistics
N 17 10
Gender (M: F) 7:10 7:3 0.148 Chi-square
Age (year) 57.0+9.5 66.1+7.0 0.014 t test
Inner retina affected region 109.0+21.8 89.1+18.8 0.024 t test
Inner retina unaffected region | 100.24+19.9 90.1+£14.9 0.177 ttest
ISe/RPE disease part 132.94+18.7 134.04+18.1 0.883 ttest
ISe/RPE control part 148.64+23.1 137.14£23.2 0.221 t test
OIR disease part 0.8340.17 0.67+0.14 0.018 t test
OIR control part 0.6840.09 0.66+0.06 0.636 t test
BCVA (LogMAR) 0.5040.38 0.38+0.30 0.604 U test

Table 2. Comparison of the characters between BRVO with and without retinal ischemia. BRVO: branch retinal
vein occlusion; ISe/RPE: photoreceptor inner segment ellipsoid zone/retinal pigment epithelium; BCVA: best-
corrected visual acuity; M: male; F: female.

SD-OCT has been widely used in evaluation of retinal diseases including BRVO, however, most of the pub-
lished studies focused on retinal thickness. The cross-sectional images on OCT can demonstrate intraretinal
cysts, exudative retinal detachment, and retinal thickening®'. OCT can also provide quantitative measurement
of retinal thickness with is useful for quantifying the disease severity and follow up of patients with and without
treatment®. Change in retinal optical intensity or reflectivity has also been reported* but not quantitatively inves-
tigated. This study quantified the optical intensity of retinal inner and outer layers in the diseased and unaffected
region. Our results showed that in ischemic BRVO, the optical intensity increased in the inner retinal layers and
decreased in the outer retina, while there was no difference of optical intensity in non-ischemic BRVO.

OCT angiography has been recently reported in investigation of retinal ischemia in BRVO**®. It needs spe-
cial modules and is not commonly available in clinical practice unlike SD-OCT which is widely used in clin-
ics. Furthermore, FFA and OCT angiography only outline the range of retinal non-perfusion. The information
demonstrated on OCTA represents flow signal, while the change of intensity represents the tissue response to
ischemia. Our study found that the OIR was correlated with visual acuity, which suggests that OIR may represent
the severity of retinal ischemia in BRVO.

Change in optical intensity was not only seen in BRVO, but also in other retinal ischemic diseases. Our previ-
ous studies found similar results in central retinal artery occlusion?®?’. The exact mechanism of optical intensity
change in retinal ischemia remains unknown. It was suggested that the increased optical intensity in inner retinal
layers may represent glial transformation®. The change in intensity is noted across the regions of retinal ischemia
and is localized in inner retinal layers only corresponding to the retinal vasculature. It was also suggested that this
change is due to intracellular edema caused by retinal ischemia®. The reduced intensity of outer retina may be due
to the shadowing effect caused by increased optical intensity in the inner retina®

Although these OCT findings have potential use for noninvasive evaluation of macular ischemia, the current
study had a few limitations. First, the sample size was small and further study with larger sample size is needed
to confirm our results. Second, our study included only BRVO patients without macular edema. Further stud-
ies are needed to investigate the change of optical intensity in BRVO with macular edema. Third, our study is a
cross-sectional study. Further studies are needed to investigate the longitudinal change of optical intensity and
its functional correlation. Fourth, visual acuity was measured using decimal chart and converted to LogMAR.
This may affect the accuracy of visual acuity measurement. Fifth, our study used manual segmentation for 8 bit
2D image. Further studies are needed to investigate the optical intensity using automatic segmentation for 16 bit
3D data. Fifth, two OCT systems were used in this study. They may have different hardware and algorithm, which
may affect the result of optical intensity. However, optical intensity ratio is a normalized parameter with internal
reference. A study compared retinal layer intensity profiles from different OCT machines found that following nor-
malization, the differences between OCT devices were no longer significant™. Sixth, the shadowing effect of blood
vessel may affect the results. Although the blood vessels are roughly symmetrical on the superior and inferior part
of retina on the vertical OCT scan across the fovea, the effect of blood vessel is not exactly the same on both sides.

In conclusion, the present study identified that optical intensity changes in retinal ischemia in patients with
BRVO patients without macular edema. We reported that OIR on OCT can be used as a noninvasive evaluation
of macular ischemia in BRVO.

Methods

The study adhered to the tenets of Declaration of Helsinki, and was approved by the Institutional Review Board of
Joint Shantou International Eye Center of Shantou University and the Chinese University of Hong Kong. Because
of its retrospective nature, informed consent was waived.

Study Subjects. The patient database in Joint Shantou International Eye Center was searched and patient
records between January 2012 and August 2016 were reviewed. Patients included were those who met the follow-
ing criteria: (1) Super-temporal or infer-temporal BRVO with macula involved; (2) The interval between FFA and
OCT was less than 1 month; (3) To exclude the effect of macular edema on the measurement of optical intensity
and visual function, we included cases without macular edema. The exclusion criteria were (1) OCT image quality
score <4/10 in ZEISS or <40/100 in TOPCON; (2) since retinal hemorrhage may affect optical intensity, eyes
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Figure 1. Comparisons of optical intensities and their ratio between affected and unaffected regions in BRVO
eyes in the groups of retinal ischemia and non-ischemia. (a) optical intensity of inner retinal layers. (b) optical
intensity of Inner segment ellipsoid zone (ISe) and retinal pigment epithelium (RPE). (c) optical intensity ratio
of inner retina vs. ISe/RPE. The error bars represent standard deviation. The p values were calculated using
paired t test.
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Figure 2. Scatter plots of the correlation between best-corrected visual acuity and (a) optical intensity of inner
retinal layers, (b) optical intensity of Inner segment ellipsoid zone (ISe) and retinal pigment epithelium (RPE),
(c) optical intensity ratio of inner retina vs ISe/RPE.

with retinal hemorrhage within the scanned region were excluded; (3) Presence of age-related macular degenera-
tion, diabetic retinopathy, retinal artery occlusion, or myopic retinopathy; (4) History of ocular trauma.

All patients included in this study underwent comprehensive ophthalmic examinations, including
best-corrected visual acuity (BCVA), noncontact tonometry, slit-lamp biomicroscope, fundus photography, FFA
and SD-OCT examination. The patients were then classified into two groups based on the presence or absence of
retinal non-perfusion on FFA (Fig. 3).

OCT Examinations. SD-OCT examination was performed using two OCT machines. (1) Topcon 3D OCT-
1000 (Topcon Corporation, Tokyo, Japan). Macula was scanned using 6 mm radial scan mode, and the vertical
scan across fovea was chosen. (2) ZEISS Cirrus OCT (Carl Zeiss Meditec, Dublin, California, United States). The
macular region was scanned using the vertical HD 5 Line Raster scan (6 mm) mode and the scan across fovea was
chosen. The OCT images were exported as grayscale images from the OCT software (BMP from ZEISS, JPEG
from Topcon). OCT image quality score was provided by the on-board OCT software.

The optical intensity measurement was obtained using Image J software (National Institute of Health,
Bethesda, MD)*® using previously described methods®*. Regions of interest were manually selected by two
independent masked investigators. The images were divided into affected region and unaffected region by the
vertical line passing through the fovea. The foveal avascular zone (with diameter of 0.6 mm) was excluded from
the analysis because there is no retinal inner layer and there may be disruption of ISe which would affect the
measurement of optical intensity and produce cofounding effect on BCVA. In each part, we defined two regions
of interest, inner retinal layers and ISe/RPE (Fig. 4). The optical intensity of each ROI was measured using Image
J. The optical intensity is the gray level of selected regions on a scale of 0 (pure black) to 255 (pure white). The ratio
of optical intensity of inner retinal layers and the ISe/RPE was calculated as OIR.

Statistical Analysis. Data for continuous variables were expressed as mean = standard deviation. Visual
acuity measurements were converted to logarithm of the minimal angle of resolution (LogMAR) for all analyses
using the following formula: LogMAR = —log (Snellen decimal acuity). The reliability of optical intensity of each
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Figure 3. Fundus Fluorescein Angiography venous phase images (a,c) and corresponding SD-OCT vertical
scan images (b,d) of two patients with branch retinal vein occlusion. (a) Retinal non-perfusion can be identified
at supratemporal region. (b) Increased optical intensity can be identified at inner retina and reduced optical
intensity at ellipsoid zone and retinal pigment epithelium. (c) There is no retinal nonperfusion. (d) no obvious
change of optical intensity can be seen.

Figure 4. Definition of regions of interest for measurement of the optical intensity on spectral-domain optical
coherence tomography image of branch retinal vein occlusion. (A,B) Inner retinal layers, including the retinal
nerve fiber layer, ganglion cell layer, inner plexiform layer, inner nuclear layer, and outer plexiform layer; (C,D)
Inner segment ellipsoid zone and retinal pigment epithelium. (A,C) unaffected region. (B,D) affected region.

regions of interest was assessed by calculating the intraclass correlation (ICC) of the two readers. And their means
were used for further analysis.

The distribution of continuous variables was assessed using Shapiro-Wilk test. The demographic and clinical
characters were compared between the groups with and without retinal ischemia using independent t test, except
BCVA, which was compared using Mann-Whitney U test. Within each group, the optical intensity of inner ret-
inal layers, ISe/RPE, and optical intensity ratio were compared between the affected and the unaffected region
of the same eye using paired t test. Correlations between the OIR at affected region with BCVA were assessed
by Spearman correlation. P value less than 0.05 is considered as statistically significant. Statistical analyses were
performed using SPSS version 16.0 for Windows (SPSS, Inc, Chicago, IL).

Summery. The optical intensity on OCT increased in the inner layers and decreased in the outer layers in
ischemic BRVO and their ratio was correlated with BCVA. The optical intensity did not change in non-ischemic
BRVO.

SCIENTIFICREPORTS| (2018) 8:9626 | DOI:10.1038/s41598-018-28013-9 5



www.nature.com/scientificreports/

References

1.

2.

3.

w

(=2}

e}

10.

1

—

12.

13.

14.

15.

16.

17.

18.

19.

20.

2

—

22.
23.

24.

25.

26.

27.

28.

29.

30.

3

—

32.

33.

34.

35.

36.

37.

Rehak, J. & Rehak, M. Branch retinal vein occlusion: pathogenesis, visual prognosis, and treatment modalities. Current eye research
33,111-131, https://doi.org/10.1080/02713680701851902 (2008).

Klein, R,, Klein, B. E., Moss, S. E. & Meuer, S. M. The epidemiology of retinal vein occlusion: the Beaver Dam Eye Study. Transactions
of the American Ophthalmological Society 98, 133-141; discussion 141-133 (2000).

Mitchell, P.,, Smith, W. & Chang, A. Prevalence and associations of retinal vein occlusion in Australia. The Blue Mountains Eye Study.
Archives of ophthalmology (Chicago, Ill.: 1960) 114, 1243-1247 (1996).

. Rogers, S. et al. The prevalence of retinal vein occlusion: pooled data from population studies from the United States, Europe, Asia,

and Australia. Ophthalmology 117, 313-319 e311, https://doi.org/10.1016/j.ophtha.2009.07.017 (2010).

. Klein, R., Moss, S. E., Meuer, S. M. & Klein, B. E. The 15-year cumulative incidence of retinal vein occlusion: the Beaver Dam Eye

Study. Archives of ophthalmology (Chicago, Ill.: 1960) 126, 513-518, https://doi.org/10.1001/archopht.126.4.513 (2008).

. Duker, J. S. & Brown, G. C. Anterior location of the crossing artery in branch retinal vein obstruction. Archives of ophthalmology

(Chicago, Ill.: 1960) 107, 998-1000 (1989).
Feist, R. M., Ticho, B. H., Shapiro, M. J. & Farber, M. Branch retinal vein occlusion and quadratic variation in arteriovenous
crossings. American journal of ophthalmology 113, 664-668 (1992).

. Weinberg, D., Dodwell, D. G. & Fern, S. A. Anatomy of arteriovenous crossings in branch retinal vein occlusion. American journal

of ophthalmology 109, 298-302 (1990).

Zhao, J., Sastry, S. M., Sperduto, R. D., Chew, E. Y. & Remaley, N. A. Arteriovenous crossing patterns in branch retinal vein occlusion.
The Eye Disease Case-Control Study Group. Ophthalmology 100, 423-428 (1993).

Lang, G. E. & Freissler, K. [Clinical and fluorescein angiography findings in patients with retinal vein occlusion. A unicenter study
of 211 patients]. Klin Monbl Augenheilkd 201, 234-239, https://doi.org/10.1055/s-2008-1045901 (1992).

. Zhang, H. R. & Xia, Y. J. [Risk factors and visual prognosis of 407 patients with retinal vein occlusion]. Zhonghua Yan Ke Za Zhi 27,

271-274 (1991).

Gutman, F. A. Macular edema in branch retinal vein occlusion: prognosis and management. Transactions. Section on Ophthalmology.
American Academy of Ophthalmology and Otolaryngology 83, 488-495 (1977).

Gutman, F. A. & Zegarra, H. Macular edema secondary to occlusion of the retinal veins. Survey of ophthalmology 28(Suppl), 462-470
(1984).

Hayreh, S. S., Rojas, P, Podhajsky, P., Montague, P. & Woolson, R. F. Ocular neovascularization with retinal vascular occlusion-IIL
Incidence of ocular neovascularization with retinal vein occlusion. Ophthalmology 90, 488-506 (1983).

Magargal, L. E., Donoso, L. A. & Sanborn, G. E. Retinal ischemia and risk of neovascularization following central retinal vein
obstruction. Ophthalmology 89, 1241-1245 (1982).

Bresnick, G. H. et al. Abnormalities of the foveal avascular zone in diabetic retinopathy. Archives of ophthalmology (Chicago, Ill.:
1960) 102, 1286-1293 (1984).

Classification of diabetic retinopathy from fluorescein angiograms. ETDRS report number 11. Early Treatment Diabetic Retinopathy
Study Research Group. Ophthalmology 98, 807-822 (1991).

Leila, L. Adverse effects of fluorescein angiography. Acta ophthalmologica Scandinavica 84,720-721, https://doi.org/10.1111/j.1600-
0420.2006.00776.x (2006).

Lu, V.H.,Ho, 1. V,, Lee, V. & Hunyor, A. P. Complications from fluorescein angiography: a prospective study. Clinical & experimental
ophthalmology 37, 826-827 (2009).

Dodo, Y., Murakami, T., Uji, A., Yoshitake, S. & Yoshimura, N. Disorganized retinal lamellar structures in nonperfused areas of
diabetic retinopathy. Investigative ophthalmology & visual science 56, 2012-2020, https://doi.org/10.1167/iovs.14-15924 (2015).

. Fercher, A. E, Hitzenberger, C. K., Drexler, W.,, Kamp, G. & Sattmann, H. I vivo optical coherence tomography. American journal of

ophthalmology 116, 113-114 (1993).

Swanson, E. A. et al. In vivo retinal imaging by optical coherence tomography. Optics letters 18, 1864-1866 (1993).

Byeon, S. H., Chu, Y. K., Lee, H.,, Lee, S. Y. & Kwon, O. W. Foveal ganglion cell layer damage in ischemic diabetic maculopathy:
correlation of optical coherence tomographic and anatomic changes. Ophthalmology 116, 1949-1959 1948, https://doi.
org/10.1016/j.0phtha.2009.06.066 (2009).

Lee, D. H,, Kim, J. T, Jung, D. W,, Joe, S. G. & Yoon, Y. H. The relationship between foveal ischemia and spectral-domain optical
coherence tomography findings in ischemic diabetic macular edema. Investigative ophthalmology & visual science 54, 1080-1085,
https://doi.org/10.1167/iovs.12-10503 (2013).

Lim, H. B., Kim, M. S., Jo, Y. J. & Kim, J. Y. Prediction of Retinal Ischemia in Branch Retinal Vein Occlusion: Spectral-Domain
Optical Coherence Tomography Study. Investigative ophthalmology ¢ visual science 56, 6622-6629, https://doi.org/10.1167/iovs.15-
17678 (2015).

Chen, H. et al. Quantitative analysis of retinal layers’ optical intensities on 3D optical coherence tomography for central retinal
artery occlusion. Scientific reports 5, 9269, https://doi.org/10.1038/srep09269 (2015).

Chen, H., Xia, H., Qiu, Z., Chen, W. & Chen, X. Correlation of Optical Intensity on Optical Coherence Tomography and Visual
Outcome in Central Retinal Artery Occlusion. Retina 36, 1964-1970, https://doi.org/10.1097/IAE.0000000000001017 (2016).
Kozak, I, Bartsch, D. U.,, Cheng, L. & Freeman, W. R. Hyperreflective sign in resolved cotton wool spots using high-resolution
optical coherence tomography and optical coherence tomography ophthalmoscopy. Ophthalmology 114, 537-543, https://doi.
0rg/10.1016/j.ophtha.2006.06.054 (2007).

Meyer, C. H., Callizo, J., Schmidt, J. C. & Mennel, S. Functional and anatomical findings in acute Purtscher’s retinopathy.
Ophthalmologica. Journal international dophtalmologie. International journal of ophthalmology. Zeitschrift fur Augenheilkunde 220,
343-346, https://doi.org/10.1159/000094627 (2006).

Olson, J., Rouhani, B. & Mandava, N. Sub-Tenon’s triamcinolone for post-partum Purtscher’s-like retinopathy. Clinical
ophthalmology (Auckland, N.Z.) 2,195-198 (2008).

. Hoeh, A. E., Ruppenstein, M., Ach, T. & Dithmar, S. OCT patterns of macular edema and response to bevacizumab therapy in retinal

vein occlusion. Graefes Arch Clin Exp Ophthalmol 248, 1567-1572, https://doi.org/10.1007/s00417-010-1419-5 (2010).

Taban, M., Sharma, S., Williams, D. R., Waheed, N. & Kaiser, P. K. Comparing retinal thickness measurements using automated fast
macular thickness map versus six-radial line scans with manual measurements. Ophthalmology 116, 964-970, https://doi.
org/10.1016/j.0phtha.2008.12.033 (2009).

Coady, P. A. et al. Spectral domain optical coherence tomography findings in eyes with acute ischaemic retinal whitening. The British
journal of ophthalmology 99, 586-592, https://doi.org/10.1136/bjophthalmol-2014-304900 (2015).

Manabe, S. et al. Association between Parafoveal Capillary Nonperfusion and Macular Function in Eyes with Branch Retinal Vein
Occlusion. Retina (Philadelphia, Pa.), https://doi.org/10.1097/IAE.0000000000001417 (2016).

Sellam, A. et al. Qualitative and Quantitative Follow-up Using Optical Coherence Tomography Angiography of Retinal Vein
Occlusion Treated with Anti-Vegf: Optical Coherence Tomography Angiography Follow-up of Retinal Vein Occlusion. Retina 37,
1176-1184, https://doi.org/10.1097/TAE.0000000000001334 (2017).

Yu, S., Wang, E, Pang, C. E., Yannuzzi, L. A. & Freund, K. B. Multimodal Imaging Findings in Retinal Deep Capillary Ischemia.
Retina, https://doi.org/10.1097/TAE.0000000000000048 (2013).

Hu, Z., Nittala, M. G. & Sadda, S. R. Comparison of Retinal Layer Intensity Profiles From Different OCT Devices. Ophthalmic
surgery, lasers & imaging retina 44, S5-S10, https://doi.org/10.3928/23258160-20131101-02 (2013).

SCIENTIFICREPORTS | (2018) 8:9626 | DOI:10.1038/s41598-018-28013-9 6


http://dx.doi.org/10.1080/02713680701851902
http://dx.doi.org/10.1016/j.ophtha.2009.07.017
http://dx.doi.org/10.1001/archopht.126.4.513
http://dx.doi.org/10.1055/s-2008-1045901
http://dx.doi.org/10.1111/j.1600-0420.2006.00776.x
http://dx.doi.org/10.1111/j.1600-0420.2006.00776.x
http://dx.doi.org/10.1167/iovs.14-15924
http://dx.doi.org/10.1016/j.ophtha.2009.06.066
http://dx.doi.org/10.1016/j.ophtha.2009.06.066
http://dx.doi.org/10.1167/iovs.12-10503
http://dx.doi.org/10.1167/iovs.15-17678
http://dx.doi.org/10.1167/iovs.15-17678
http://dx.doi.org/10.1038/srep09269
http://dx.doi.org/10.1097/IAE.0000000000001017
http://dx.doi.org/10.1016/j.ophtha.2006.06.054
http://dx.doi.org/10.1016/j.ophtha.2006.06.054
http://dx.doi.org/10.1159/000094627
http://dx.doi.org/10.1007/s00417-010-1419-5
http://dx.doi.org/10.1016/j.ophtha.2008.12.033
http://dx.doi.org/10.1016/j.ophtha.2008.12.033
http://dx.doi.org/10.1136/bjophthalmol-2014-304900
http://dx.doi.org/10.1097/IAE.0000000000001417
http://dx.doi.org/10.1097/IAE.0000000000001334
http://dx.doi.org/10.1097/IAE.0000000000000048
http://dx.doi.org/10.3928/23258160-20131101-02

www.nature.com/scientificreports/

38. Hartig, S. M. Basic image analysis and manipulation in Image]. Current protocols in molecular biology Chapter 14, Unit1415, https://
doi.org/10.1002/0471142727.mb1415s102 (2013).

39. Alasil, T. et al. Relationship between optical coherence tomography retinal parameters and visual acuity in diabetic macular edema.
Ophthalmology 117, 2379-2386, https://doi.org/10.1016/j.0phtha.2010.03.051 (2010).

40. Lin, D. et al. Optical Intensities of Different Compartments of Subretinal Fluid in Acute Vogt-Koyanagi-Harada Disease. PloS one
11, 0149376, https://doi.org/10.1371/journal.pone.0149376 (2016).

Acknowledgements

This study was supported by the National Nature Science Foundation of China (81170853), Joint Shantou
International Eye Center Intramural Grant (2010-025), Yangfan Project and Tezhi Project of Guangdong
Province.

Author Contributions
W.C. and H.C. designed the study. J.C., H.X., C.J., X.L. collected the patients and clinical data. ].C. wrote the
manuscript. H.C. made critical revision on the manuscript. All authors reviewed the manuscript.

Additional Information
Competing Interests: The authors declare no competing interests.

Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

N | jcense, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2018

SCIENTIFICREPORTS | (2018) 8:9626 | DOI:10.1038/s41598-018-28013-9 7


http://dx.doi.org/10.1002/0471142727.mb1415s102
http://dx.doi.org/10.1002/0471142727.mb1415s102
http://dx.doi.org/10.1016/j.ophtha.2010.03.051
http://dx.doi.org/10.1371/journal.pone.0149376
http://creativecommons.org/licenses/by/4.0/

	Relationship between Optical Intensity on Optical Coherence Tomography and Retinal Ischemia in Branch Retinal Vein Occlusio ...
	Results

	Discussion

	Methods

	Study Subjects. 
	OCT Examinations. 
	Statistical Analysis. 
	Summery. 

	Acknowledgements

	Figure 1 Comparisons of optical intensities and their ratio between affected and unaffected regions in BRVO eyes in the groups of retinal ischemia and non-ischemia.
	Figure 2 Scatter plots of the correlation between best-corrected visual acuity and (a) optical intensity of inner retinal layers, (b) optical intensity of Inner segment ellipsoid zone (ISe) and retinal pigment epithelium (RPE), (c) optical intensity ratio
	Figure 3 Fundus Fluorescein Angiography venous phase images (a,c) and corresponding SD-OCT vertical scan images (b,d) of two patients with branch retinal vein occlusion.
	Figure 4 Definition of regions of interest for measurement of the optical intensity on spectral-domain optical coherence tomography image of branch retinal vein occlusion.
	Table 1 Characters of Included Subjects.
	Table 2 Comparison of the characters between BRVO with and without retinal ischemia.




