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Abstract 

Background: Vessel flow density (VFD) may provide important information regarding perfusion status. Diurnal vari-
ation in VFD of choriocapillaris has not been reported in literature. In the index study, optical coherence tomography 
angiography (OCTA) was used to assess the diurnal variation of the VFD in the choriocapillaris of subjects with no 
known ocular disease.

Methods: Fifty eyes with no known ocular disease (25 subjects) were included. OCTA images were acquired using 
AngioVue (Optovue, Fremont, CA, USA) at two different time points on a single day: 9:00 AM and 6:00 PM. Macular 
cube scan protocol (3 × 3 mm) centered on the fovea was used. Automatic segmentation of the retinal layers and 
choriocapillaris was performed using ReVue software, which was also used to measure the choriocapillaris VFD. 
Horizontal line scan passing through fovea was obtained by the device at both time points to measure the subfoveal 
choroidal thickness (CT). Linear measurement tool of software was used to measure subfoveal CT according to a 
standardized reproducible method. Wilcoxon signed-rank test was used to assess the differences in choriocapillaris 
VFD and subfoveal CT at the two time points. Correlation between change in choriocapillaris VFD and subfoveal CT at 
the two time points was assessed using the Pearson correlation coefficient (r).

Results: The mean age of the subjects was 31.96 ± 11.23 years. Choriocapillaris VFD was significantly higher at 9:00 
AM compared to 6:00 PM (P < 0.0001) with mean choriocapillaris VFD of 68.74 ± 4.80% at 9:00 AM and 67.57 ± 5.41% 
at 6:00 PM, with a mean diurnal amplitude of 1.17%. Mean subfoveal CT was 287.74 ± 61.51 µm at 9:00 AM and 
270.06 ± 60.73 µm at 6:00 PM. Subfoveal CT was also significantly higher at 9:00 AM compared to 6:00 PM (P < 0.0001) 
with a mean diurnal amplitude of 17.68 µm. Change in choriocapillaris VFD correlated with change in subfoveal CT 
(r = 0.87, P < 0.001).

Conclusion: OCTA demonstrated significant diurnal change in choriocapillaris VFD in subjects without any ocular 
disease with VFD being higher in the morning and lower in the evening. Decrease in choriocapillaris VFD in the even-
ing correlated with a reduction in subfoveal CT.
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Introduction
The choroid, a fully vascularized structure, is supplied 
by the posterior ciliary arteries, which branch from the 
ophthalmic artery and account for 85% of the total ocu-
lar blood flow [1]. High resolution optical coherence 
tomography has enabled in vivo imaging of choroid with 
unprecedented detail which was otherwise not possi-
ble [2]. Choroidal vessels are poorly autoregulated and 
changes in perfusion pressure directly affects the blood 
flow [3].

Choroid being primarily a microvascular structure 
has certain characteristics which makes it challenging to 
study clinically. Fenestration the capillaries of choriocap-
illaris results in dye leakage during fluorescein angiog-
raphy (FA) and indocyanine green (ICGA) angiography 
thus making high resolution choriocapillaris imaging 
extremely challenging [4]. Optical coherence tomography 
angiography (OCTA) is a noninvasive imaging modal-
ity that can provide high resolution en face images of the 
retinal microvasculature and choriocapillaris with the 
use of split-spectrum amplitude decorrelation angiogra-
phy algorithms (SSADA) [5, 6]. Though thickness of the 
choroidal vascular layer can be obtained using a variety 
of OCT techniques, measurement of choriocapillaris ves-
sel flow density (VFD) in vivo has not been possible until 
the advent of OCTA.

Circadian changes in sub-foveal choroidal thickness 
in normal healthy subjects using spectral domain opti-
cal coherence tomography has previously been dem-
onstrated. These studies have shown a diurnal rhythm 
with higher choroidal thickness in the morning time 
compared to evening [7, 8]. Choriocapillaris VFD can 
be obtained by using OCTA and may provide important 
information regarding perfusion status. Diurnal varia-
tion in VFD of choriocapillaris has not been reported in 
literature. In the index study, OCTA was used to assess 
the diurnal variation of the VFD in the choriocapillaris of 
subjects with no known ocular disease.

Methods
This study employed a cross-sectional design. The study 
was approved by the local institutional review board 
and was conducted in compliance with the Declaration 
of Helsinki, the United States Code of Federal Regula-
tions Title 21, and the Harmonized Tripartite Guidelines 
for Good Clinical Practice (1996). All subjects received 
detailed information about the nature of the investigation 
and provided written informed consent.

Study population
The study included a cohort of normal subjects recruited 
from the ophthalmology clinics at a tertiary care eye 

center. Inclusion criteria for the study consisted of 
healthy volunteers with no known systemic or ocular dis-
eases, except refractive error. Twenty eyes of 10 normal 
adults were included in the study.

Optical coherence tomography angiography (OCTA)
Imaging was performed on all subjects using AngioVue 
OCTA system (Optovue, Fremont, CA, USA) by a sin-
gle operator. The device has a high acquisition speed of 
70,000 A-scans per second. All subjects were seated and 
properly aligned. After achieving stabilization with a 
forehead support and chinrest, he or she was instructed 
to focus on a fixation target during image acquisition. 
Each subject underwent an imaging session at 9:00 AM 
and 6:00 PM on a single day using the same imaging 
protocol. A single operator performed all the imaging 
sessions. The operator visualized the fovea by using the 
real-time en face view. Each imaging session included a 
macular cube scan over 3 × 3-mm region centered on the 
fovea. The device acquires two OCTA volume scans for 
each macular cube scan to decrease motion artifacts and 
fixation changes.

Computation of flow map for each scan was per-
formed using SSADA algorithm. The algorithm distin-
guishes blood flow from static tissue by differentiating 
the rapid variation over time in signals from flowing 
blood cells compared to static tissue. The decorrelation 
algorithm is hence capable of identifying blood flow and 
generating perfusion maps with high resolution. Ocular 
movement during scan acquisition also generates decor-
relation which are. The Optovue SSADA algorithm uses 
standardized techniques to account for motion artifacts 
allowing creation of motion-corrected flow data volumes. 
However, significant motion artifacts and poor signal 
strength may result in image lines and gaps when a per-
fusion map is created. OCTA scans were repeated in the 
same session if the OCTA image was noted to have gaps 
or lines. Only images of high quality were accepted to 
ensure standardized analysis.

ReVue software (Version: 2015.1.0.71) used by the 
OCTA systems performs automatic segmentation of 
the retinal layers and choriocapillaris. Three layers are 
obtained with the 3x3 mm macular cube scan: the super-
ficial retinal capillaries, deep retinal capillaries, and the 
choriocapillaris. In this study, we included only the cho-
riocapillaris layer for analysis.

Choriocapillaris vessel flow density (VFD)
Measurement of the choriocapillaris VFD was performed 
by using ReVue software (Version: 2015.1.0.71) by an 
independent grader. The flow measurement tool of the 
software was used at the choriocapillaris level to measure 
the VFD (Fig. 1).
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Measurement of subfoveal choroidal thickness (CT)
Using the enhanced depth imaging mode (EDI) of the 
AngioVue (Optovue, Fremont, CA, USA) device a hori-
zontal line scan passing through the fovea was obtained 
on each eye during the imaging sessions at 9:00 AM 
and 6:00 PM. The EDI line scan was obtained immedi-
ately after the OCTA scan. ReVue linear measurement 
tool was used to measure subfoveal CT perpendicu-
larly from the outer edge of the hyper-reflective retinal 
pigment epithelium to the inner sclera according to a 
standardized reproducible method (Fig.  2). Manual 

measurements of the choroidal thickness are highly 
reliable and reproducible.

Statistical analysis
Wilcoxon signed-rank test was used to assess the differ-
ence in choriocapillaris VFD and subfoveal CT at the two 
time points. Correlation between change in choriocapil-
laris VFD and subfoveal CT at the two time points was 
assessed using the Pearson correlation coefficient (r). For 
all tests, values of P < 0.05 were considered statistically 
significant. Statistical analyses were performed using 
MedCalc for Windows, version 12.5.0.0 (MedCalc Soft-
ware, Ostend, Belgium).

Results
A total of 50 eyes of 25 normal subjects were included in 
the analysis. Table 1 outlines the demographic character-
istics of the study population with no known ocular and 
systemic illnesses except refractive errors.

Mean choriocapillaris VFD at 9:00 AM was 
68.74 ± 4.80%. At 6:00 PM, mean choriocapillaris VFD 
was 67.57 ± 5.41% (Figs.  3, 4). The mean diurnal ampli-
tude was 1.17%. Choriocapillaris VFD was significantly 
higher at 9:00 AM compared to 6:00 PM (P < 0.0001).

Mean subfoveal CT was 287.74 ± 61.51  µm and 
270.06 ± 60.73 µm at 9:00 AM and 6:00 PM, respectively 
(Figs.  3 4). Mean subfoveal CT was also significantly 
higher at 9:00 AM compared to 6:00 PM (P < 0.0001) with 
a mean diurnal amplitude of 17.68 µm.

Diurnal change in choriocapillaris VFD correlated with 
the diurnal change in subfoveal CT (r = 0.87, P < 0.001).

Discussion
In the index study, OCTA demonstrated significant 
diurnal change in choriocapillaris VFD in subjects with-
out any ocular disease. We observed a high VFD in the 
morning and lower in the evening. In addition, all sub-
jects were observed to have a higher subfoveal CT in 
the morning. However, decrease in choriocapillaris 
VFD in the evening did not correlate with a reduction in 

Fig. 1 OCTA at the level of the choriocapillaris demonstrates 
vascular flow in the foveal region of a subject with no known ocular 
pathology. The yellow area depicts flow of the RBCs within the 
choriocapillaris

Fig. 2 Horizontal line scan passing through fovea of a subject with 
no know ocular pathology. Subfoveal choroidal thickness measured 
using ReVue linear measurement tool

Table 1 Demographic characteristics

Mean age (SD) (years) 31.96 (11.23)

Gender (% male) 56

Race (%)

 Asian (n) 56 (14)

 Caucasians (n) 40 (10)

 African (n) 4 (1)

Mean BCVA (Snellen’s equivalent) 20/20

Mean central retinal thickness (µm) (SD) 252.8 µm (26.2)



Page 4 of 6Sarwar et al. Int J Retin Vitr  (2018) 4:37 

Fig. 3 Line graph demonstrating diurnal variation in choroidal vessel flow density (VFD) and choroidal thickness between 9 AM and 6 PM

Fig. 4 Choroidal vessel flow density (VFD) and choroidal thickness images of the a 21 year old Caucasian female demonstrating the variation in the 
choroidal VFD and thickness between the morning and evening
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subfoveal CT. Change in the diurnal amplitude of chorio-
capillaris VFD was statistically significant.

Previous investigations have demonstrated diurnal var-
iation in subfoveal choroidal thickness and in other ocu-
lar parameters such as anterior chamber depth [9], axial 
length [9, 10] and intraocular pressure [11]. Although 
earlier studies have shown circadian changes in choroi-
dal thickness but to our knowledge this is the first study 
demonstrating circadian changes in choroidal blood flow 
as demonstrated by changes in VFD.

The finding of a variation in choriocapillaris VFD is 
significant as it indicates that measurement of VFD of 
the choriocapillaris should take into account the time 
of the day imaging is performed. We also found that 
the decrease in choriocapillaris VFD correlated with 
decrease in choroidal thickness. This can be explained by 
the fact that choroidal thickness is a strong determinant 
of the choroidal VFD as shown by Fujiwara et  al. [12]. 
Our finding of diurnal changes in choridal thickness is 
consistent with previous studies. Tan et  al. investigated 
the circadian changes in subfoveal choridal thickness and 
it relationship with circulatory factors. They found a sig-
nificant circadian changes in subfoveal chroidal thickness 
with higher values at 9:00 AM and decreasing thickness 
at 5:00 PM [8]. Usui et al. [7] also observed a similar pat-
tern in subfoveal choridal thickness with thicker choroid 
in the morning and thinner in the evening time (9:00 
PM).

OCTA has been successfully used to provide both 
quantitative and qualitative information of different 
types of choroid neovascularization in age related mac-
ular degeneration [5, 13]. Compared to the current gold 
standards for retinal and choroidal angiographic gold 
standards (fluorescein angiography and indocyanine 
green angiography), OCTA is non-invasive and pro-
vides volumetric scans with the ability of specific depth 
micro-meter resolution automatic segmentation. Image 
acquisition is fast with accurate size and localization 
information regarding lesions in addition to providing 
structural and blood flow information. Disadvantages of 
OCTA are its limited field of view, inability to view leak-
age, increased potential for artifacts (blinks, movement, 
vessel ghosting), and inability to detect blood flow below 
the slowest detectable flow.

It has been suggested previously that fluctuations in the 
ocular blood flow could be an important factor explain-
ing the mechanism of circadian changes in subfoveal 
choroidal thickness [14, 15]. Previous studies have dem-
onstrated no significant correlation between choroi-
dal thickness and the mean arterial pressure, heart rate, 
intraocular pressure, and mean ocular perfusion pressure 
[7]. However, Jung et  al. [15] demonstrated increase in 
choroidal thickness after drop in systolic blood pressure 

following hemodialysis. We observed decrease in vessel 
flow density having a positive correlation with decrease 
in choroidal thickness. The fluctuation in choriocapil-
laris vessel flow density may be secondary to circadian 
changes in choriocapillaris thickness.

Limitation of our study include a small sample size and 
relatively young subject cohort. In addition, we did not 
analyze correlation of choriocapillaris VFD with systemic 
or ocular factors. We utilized the automatic segmenta-
tion feature of the Optovue review software for segmen-
tation of choriocapillaris layer for measurement of VFD 
which includes a portion of the retinal pigment layer in 
the boundary of choriocapillaris. Future studies with a 
large sample size may be needed to validate the findings 
of this study. Additionally, manually correction of seg-
mentation may allow more accurate assessment of the 
choriocapillaris layer VFD.

Conclusion
OCTA is becoming a prominent noninvasive tool for 
imaging and quantifying the choroidal vasculature. How-
ever, it is important to account for diurnal changes in 
choroidal vasculature when assessing parameters such 
as choroidal thickness and VFD. Our study has demon-
strated that the choroidal VFD similar to choroidal thick-
ness shows significant diurnal variation.

Abbreviations
CT: choroidal thickness; OCTA : optical coherence tomography angiography; 
VFD: vessel flow density; SSADA: split-spectrum amplitude decorrelation 
angiography.

Authors’ contributions
SS: Study Concept and design, acquisition of data analysis and interpretation, 
manuscript drafting and revising. MH: Study concept and design, acquisition 
of data, manuscript critical review and revision. MKS: Study Design, data inter-
pretation, manuscript writing and revision. MSH: Analysis and interpretation, 
manuscript review and revision. MAS: Analysis and interpretation. RA: Acquisi-
tion of data, manuscript writing. AA: Study concept, manuscript review and 
revision. QDN: Study Concept and Design, Interpretation, approval to publish. 
DD: Study concept, Interpretation of data. YJS: Study Concept and Design, 
manuscript revision, final approval to publish. All authors read and approved 
the final manuscript.

Author details
1 Mason Eye Institute, Missouri University, Columbia, MO, USA. 2 Department 
of Ophthalmology, Byers Eye Institute, Stanford University, 2370 Watson 
Court, Palo Alto, CA 94303, USA. 3 Ocular Imaging Research and Reading 
Center, Menlo Park, CA, USA. 4 Postgraduate Institute of Medical Education 
and Research, Chandigarh, India. 

Acknowledgements
Not applicable.

Competing Interests
QDN is a recipient of a Physician Scientist Award from Research to Prevent 
Blindness, New York, NY. QDN is a consultant for Santen, and has received 
research support from Genentech, Santen, Ophthotech, and Regeneron. QDN 
has institutional consulting agreement with AbbVie, and honorarium from 
Bayer and XOMA. QDN also chairs the Steering Committee for the RISE and 



Page 6 of 6Sarwar et al. Int J Retin Vitr  (2018) 4:37 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your research ?  Choose BMC and benefit from: 

RIDE Study and is on the Steering Committee for the VISTA Study, and other 
studies sponsored by Genentech and Regeneron. DVD is a consultant for 
Genentech, Regeneron, Santen and Allergan and she has received research 
support from Genentech and Regeneron, and Santen. DVD also chairs the 
Steering Committee for the VISTA Study. YJS has received research support 
from Genentech and Astellas, Optovue. YJS serves as a consultant for Inotek, 
Optos. No other authors have received any financial funding or support. None 
of the funding sources have played a role in the design, collection, analysis, 
or interpretation of the data or is the decision to submit the manuscript for 
publication.

Availability of data and materials
The datasets used during the current study are available from the correspond-
ing author on request.

Consent for publication
Not applicable.

Ethics approval and consent to participate
The local Institutional Review Board approved the research on healthy volun-
teers. The study was conducted in compliance with the declaration of Helsinki, 
US Code of Federal Regulations Title-21, and the Harmonized Tripartite 
Guidelines for Good Clinical Practice (1996). A written informed consent was 
obtained from all participants of the study.

Funding
There was no funding received for the index study.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 29 May 2018   Accepted: 10 September 2018

References
 1. Flugel-Koch C, May CA, Lutjen-Drecoll E. Presence of a contractile cell 

network in the human choroid. Ophthalmologica. 1996;210:296–302.
 2. Spaide RF, Koizumi H, Pozzoni MC. Enhanced depth imaging 

spectral-domain optical coherence tomography. Am J Ophthalmol. 
2008;146:496–500.

 3. Delaey C, Van De Voorde J. Regulatory mechanisms in the retinal and 
choroidal circulation. Ophthalmic Res. 2000;32:249–56.

 4. Choi W, Mohler KJ, Potsaid B, Lu CD, Liu JJ, Jayaraman V, Cable AE, Duker 
JS, Huber R, Fujimoto JG. Choriocapillaris and choroidal microvascu-
lature imaging with ultrahigh speed OCT angiography. PLoS ONE. 
2013;8:e81499.

 5. Kuehlewein L, Dansingani KK, de Carlo TE, Bonini Filho MA, Iafe NA, Lenis 
TL, Freund KB, Waheed NK, Duker JS, Sadda SR, Sarraf D. Optical coher-
ence tomography angiography of type 3 neovascularization secondary 
to age-related macular degeneration. Retina. 2015;35:2229–35.

 6. Jia Y, Tan O, Tokayer J, Potsaid B, Wang Y, Liu JJ, Kraus MF, Subhash H, 
Fujimoto JG, Hornegger J, Huang D. Split-spectrum amplitude-decor-
relation angiography with optical coherence tomography. Opt Express. 
2012;20:4710–25.

 7. Usui S, Ikuno Y, Akiba M, Maruko I, Sekiryu T, Nishida K, Iida T. Circa-
dian changes in subfoveal choroidal thickness and the relationship 
with circulatory factors in healthy subjects. Invest Ophthalmol Vis Sci. 
2012;53:2300–7.

 8. Tan CS, Ouyang Y, Ruiz H, Sadda SR. Diurnal variation of choroidal thick-
ness in normal, healthy subjects measured by spectral domain optical 
coherence tomography. Invest Ophthalmol Vis Sci. 2012;53:261–6.

 9. Chakraborty R, Read SA, Collins MJ. Diurnal variations in axial length, 
choroidal thickness, intraocular pressure, and ocular biometrics. Invest 
Ophthalmol Vis Sci. 2011;52:5121–9.

 10. Mapstone R, Clark CV. DIurnal variation in the dimensions of the anterior 
chamber. Arch Ophthalmol. 1985;103:1485–6.

 11. Loewen NA, Liu JHK, Weinreb RN. Increased 24-hour variation of human 
intraocular pressure with short axial length. Invest Ophthalmol Vis Sci. 
2010;51:933–7.

 12. Fujiwara A, Morizane Y, Hosokawa M, Kimura S, Kumase F, Shiode Y, Doi S, 
Hirano M, Toshima S, Hosogi M, Shiraga F. Factors affecting choroidal vas-
cular density in normal eyes: quantification using en face swept-source 
optical coherence tomography. Am J Ophthalmol. 2016;170:1–9.

 13. Costanzo E, Miere A, Querques G, Capuano V, Jung C, Souied EH. Type 1 
choroidal neovascularization lesion size: indocyanine green angiography 
versus optical coherence tomography angiography. Invest Ophthalmol 
Vis Sci. 2016;57:Oct307–13.

 14. Iwase T, Yamamoto K, Ra E, Murotani K, Matsui S, Terasaki H. Diurnal 
variations in blood flow at optic nerve head and choroid in healthy eyes: 
diurnal variations in blood flow. Medicine (Baltimore). 2015;94:e519.

 15. Jung JW, Chin HS, Lee DH, Yoon MH, Kim NR. Changes in subfoveal cho-
roidal thickness and choroidal extravascular density by spectral domain 
optical coherence tomography after haemodialysis: a pilot study. Br J 
Ophthalmol. 2014;98:207–12.


	Diurnal variation of choriocapillaris vessel flow density in normal subjects measured using optical coherence tomography angiography
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Study population
	Optical coherence tomography angiography (OCTA)
	Choriocapillaris vessel flow density (VFD)
	Measurement of subfoveal choroidal thickness (CT)
	Statistical analysis

	Results
	Discussion
	Conclusion
	Authors’ contributions
	References




