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Diurnal variation in subfoveal and peripapillary choroidal vascularity 
index in healthy eyes
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Purpose:	To	 report	 the	diurnal	variation	 in	 choroidal	vascularity	 index	 (CVI)	 in	 subfoveal	 (SF-CVI)	and	
peripapillary area in healthy eyes. Methods: The	study	was	a	cross-sectional	study	 including	12	healthy	
subjects.	Swept-source	optical	coherence	tomography	scans	were	taken	at	9	am,	11	am,	1	pm,	3	pm,	and	5	pm.	
Subfoveal	choroidal	thickness	(SFCT)	and	CVI	were	calculated	using	automated	segmentation	techniques	
and	previously	validated	algorithms.	Systemic	parameters	including	systolic	blood	pressure	(SBP),	diastolic	
blood	pressure,	mean	arterial	pressure,	and	mean	ocular	perfusion	pressure	were	calculated	and	correlated	
with	SFCT	and	CVI.	Results: A total	of	12	eyes	(right	eye)	of	12	patients	(mean	age:	26	±	3.77	years)	were	
analyzed.	The	mean	(±standard	deviation)	amplitude	of	SFCT	and	SF-CVI	variation	was	35.91	±	14.8	µm 
(range,	15–69	µm)	and	0.05	±	0.02	(range,	0.02–0.08).	The	mean	CVI	showed	a	significant	diurnal	variation	
in the temporal quadrant of the peripapillary region (P =	0.02).	Conclusion: SFCT	and	SF-CVI	showed	a	
significant	 diurnal	 variation	 in	 amplitude	 (peak–trough	 analysis)	 and	 SF-CVI	 correlated	well	 with	 SBP	
suggestive	of	a	direct	 influence	of	blood	pressure	on	choroidal	vascularity.	The	mean	peripapillary	CVI	
in	the	temporal	quadrant	also	showed	a	significant	diurnal	variation	with	no	significant	change	in	other	
quadrants.
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The	 choroid	 is	 a	 dense	 vascular	 layer	 of	 the	 eye	 located	
between	the	retina	and	sclera	and	is	responsible	for	a	majority	
of	 the	 ocular	 blood	 supply.[1]	 The	 choroidal	 imaging	 has	
received	 considerable	 attention	 in	 the	past	 decade	due	 to	
the	advancements	 in	 imaging	 techniques,	 especially	optical	
coherence	 tomography	 (OCT)	 including	 enhanced	depth	
imaging	and	swept-source	 (SS)-OCT.[2,3]	The	choroidal	blood	
flow	is	characterized	by	the	absence	of	autoregulation	and	is	
prone	to	changes	in	systemic	[systolic	blood	pressure	(SBP)	or	
diastolic	blood	pressure	(DBP)]	or	ocular	parameters	[intraocular	
pressure	 (IOP)].[4,5]	These	manifest	 in	 the	 form	of	 change	 in	
choroidal	 thickness	 (CT),	 volume,	 and	probably	 choroidal	
vascularity	index	(CVI;	described	as	the	ratio	of	luminal	and	
total	choroidal	area)	as	well.[6,7]

CT	has	been	studied	extensively	 in	normal	and	diseased	
states	and	shows	significant	variation	in	various	pathologies.	
Interestingly,	CT	 has	 also	 been	 noted	 to	 show	 a	 diurnal	
variation	with	amplitude	ranging	from	19	to	33	µm in various 
studies.[6-8]	These	changes	in	CT	due	to	diurnal	variation	need	
to	be	considered	while	studying	other	ocular	and	nonocular	
factors	 (age,	 axial	 length,	 refractionand	 blood	 pressure)	
affecting	CT.	Tan	et al. have reported higher diurnal variation 
in	CT	in	eyes	with	thicker	choroid	(>300	µm).[7]

CVI	is	a	recently	described	choroidal	parameter	suggestive	
of	the	vascularity	of	choroid	and	represents	the	contribution	
of	luminal	area	of	choroidal	blood	vessels	to	the	total	CT.[9-12] 
Hypothetically,	the	quantum	of	change	in	CVI	may	be	lesser	
compared	with	CT	considering	CVI	as	a	ratio	in	which	both	
the	numerator	and	denominator	are	expected	to	change	to	a	
considerable	extent.

A	majority	of	the	previous	studies	focused	on	the	subfoveal	
CT	(SFCT)	and	SF-CVI;	however,	SFCT	and	SF-CVI	may	not	be	
representative	of	 the	entire	choroid.[6-8,13-15]	The	 thickness	and	
vascularity	of	the	choroid	are	highest	subfoveally	with	a	taper	
toward	periphery.	We	have	earlier	reported	the	wide-field	CVI	
in healthy eyes.[16]	The	macular	choroid	measured	as	twice	the	
disc–fovea	distance	was	found	to	have	a	significantly	lower	CVI	
compared	with	the	other	quadrants.	The	choroidal	measurements	
were	done	at	specific	time	frames	between	9	am	and	12	pm	in	a	
previous study.[16]	Whether	SF-CVI	follows	a	diurnal	variation	
similar	to	SFCT	is	not	known.	Moreover,	subfoveal	changes	in	
CT	and	CVI	may	not	be	similar	at	peripapillary	or	peripheral	
choroid.	In	view	of	the	above	shortcomings	in	the	literature,	we	
studied	the	diurnal	variation	in	SFCT	and	CVI	in	the	subfoveal	
and peripapillary regions in normal eyes.
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Methods
The	 study	 undertaken	was	 a	 single-center,	 prospective,	
noninterventional study involving healthy eyes and was 
conducted	at	a	tertiary	center	in	Southern	India.	The	study	was	
approved	by	the	institutional	review	board	(LEC	01-18-006).	
All	 the	methods	adhered	 to	 the	 tenets	of	 the	Declaration	of	
Helsinki.	Written	 informed	 consent	was	 obtained	 from	all	
subjects	prior	to	the	procedures.

Twelve	healthy	adults	with	age	more	than	18	years	and	no	
known	ocular	or	systemic	comorbidities	with	a	best-corrected	
visual	acuity	of	20/20	were	included	in	the	study.	Exclusion	
criteria	were	 as	 follows:	 (i)	 any	 history	 of	 prior	 ocular	
surgeries,	(ii)	OCT	images	in	which	choroidoscleral	interface	
was	not	clearly	 identified,	 (iii)	preexisting	ocular	structural’	
abnormalities	which	 affect	 the	 quality	 of	 OCT	 images,	
(iv)	refractive	error	≥±3	diopters	(D),	(v)	caffeine	intake	prior	
to	scan	acquisition,	(vi)	history	of	smoking,	(vii)	axial	length	
of	less	than	20	or	more	than	26	mm,	and	(viii)	not	willing	to	
sign	the	informed	consent.

All	the	subjects	underwent	comprehensive	eye	examination	
prior	 to	 the	 enrolment.	 Systemic	 examination	 included	
measurements	 of	 SBP,	DBP,	 and	pulse	 rate.	 IOP	and	axial	
length	readings	were	recorded	using	Goldmann	applanation	
tonometer	 and	 optical	 biometry	 (IOLMaster;	 Carl	 Zeiss	
Meditec,	 La	 Jolla,	CA,	USA),	 respectively.	 Blood	pressure	
measurements	were	done	using	automated	blood	pressure	
monitor	(Omron	HEM	7120,	Tokyo,	Japan).

OCT	measurements	were	done	using	 an	 SSOCT	device	
(Topcon	Corporation,	Tokyo,	Japan)	which	uses	a	wavelength	
of	1050	nm	and	has	a	scan	acquisition	rate	of	100,000	A	scans	
per	 second.	All	 scans	were	performed	over	6	 ×	 6	mm2 area 
consisting	of	256	unaveraged	horizontal	cross-sectional	scans	
per	 acquisition.	Along	with	 volume	 scans,	 12	mm	 length	
horizontal	and	vertical	raster	scans	were	performed	over	the	
fovea	and	disc.	The	line	scans	passing	through	the	disc	were	
compared	with	the	fundus	photograph	so	that	the	scans	passed	
through	the	midline	of	the	optic	disc	thereby	creating	four	equal	
segments	of	the	optic	disc.	These	voxel	arrays	were	exported	
as	8-bit	grayscale	images.

SS-OCT	scans	were	performed	at	2-h	intervals	from	9	am	
to	 5	pm	 in	undilated	 state	under	mesopic	 light	 conditions.	
A	total	of	five	readings	(9	am,	11	am,	1	pm,	3	pm,	and	5	pm)	
were taken at the SF level and peripapillary region. Automated 
CT	measurements	were	done	from	the	outer	border	of	retinal	
pigment	epithelium	to	CSI.	Shadow	compensation	and	choroid	
binarization	were	done	using	Girard’s	 and	Vupparaboina’s	
method,	respectively.[17,18]	Image	binarization	was	done	using	
adaptive	histogram	equalization,	 exponential	 enhancement,	
nonlinear	enhancement,	and	thresholding	(Otsu’s	method),	the	
details	of	which	have	already	been	discussed	in	our	previous	
work.[18-20]	Automated	detection	of	 the	 choroidal	 inner	 and	
outer	boundaries	helped	to	identify	and	demarcate	the	region	
of	interest.	The	total	choroidal	area	and	the	area	of	the	dark	
pixels	 (luminal	 area)	were	 then	 calculated	 to	finally	derive	
CVI.	CVI	was	measured	as	per	our	previous	publications	as	a	
ratio	of	luminal	area	to	total	choroidal	area	[Figs. 1 and 2].[16,9,21] 
These	 scans	were	 shadow	 compensated	which	 provide	
more	brightness	with	 less	masking	due	 to	 the	 retinal	blood	
vessels	 thereby	providing	 a	 truer	picture	 of	 the	 choroidal	

vascularity.[18]	These	procedures	were	performed	as	 custom	
mode	in	MATLAB	[version	8.5.0.197613	(R2015a);	MathWorks,	
Natick,	MA,	USA].	We	defined	SF-CVI	as	the	CVI	in	an	area	
of	length	1.5	mm	on	a	line	scan	at	the	subfoveal	level	based	
on	a	previous	description.[12]	Similarly,	peripapillary	CVI	was	
defined	on	a	line	scan	from	the	outer	border	of	the	optic	disc	
in all the four quadrants. Representative images showing 
automated	 segmentation,	binarization,	 and	CVI	 calculation	
involving	both	subfoveal	and	peripapillary	areas	are	shown	
in Figs. 1 and 2.

Other	measurements	such	as	IOP,	axial	length	measurements,	
and	BP	were	done	before	the	OCT	measurements.	The	derived	
measurements	 including	mean	arterial	pressure	 (MAP)	and	
mean	ocular	perfusion	pressure	(MOPP)	were	calculated	using	
the	following	formulae.	MAP	was	the	sum	of	DBP	and	product	
of	one-third	of	the	difference	between	SBP	and	DBP.	MOPP	
was	 calculated	as	⅔(MAP	−	 IOP).	The	measurements	were	
done	for	both	eyes	of	all	12	patients.	However,	only	the	right	
eye	readings	were	taken	for	statistical	analysis	considering	the	
volume of data involved.

Statistical analysis
Statist ical 	 analysis 	 was	 done	 using	 SPSS	 version	
(SPSS	version	22.0;	SPSS	Inc,	Chicago,	IL,	USA).	The	mean	and	
standard	deviation	(SD)	of	baseline	parameters	were	calculated.	
The	comparison	of	CT	and	CVI	at	different	time	intervals	was	
done	using	repeated	measures	analysis	of	variance	(ANOVA). 
P value	less	than	0.05	with	a	95%	confidence	interval	(CI)	was	
considered	to	be	statistically	significant.

Results
A	 total	 of	 24	 eyes	 of	 12	 subjects	 with	 a	 mean	 age	 of	
26	 ±	 3.77	years	were	 studied,	 and	only	 the	 right	 eye	of	 the	

Figure 1: (a) The original swept‑source optical coherence tomography 
(SS‑OCT) image. (b) Automated segmentation (yellow lines) 
delineating the choroid defined from outer border of retinal pigment 
epithelium (RPE)–Bruch’s complex to choroidoscleral interface. Image 
binarization was performed on the segmented area to determine 
choroidal vascularity index (CVI). (c) Dark and bright areas represent 
luminal and stromal areas, respectively
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study	 cohort	was	 used	 for	 statistical	 analysis.	 The	 study	
cohort	included	four	males	and	eight	females.	The	mean	(±SD)	
refraction	was	−0.25	±	0.54D	(range,	−1.5D	to	+	0.75D).	The	axial	
length	and	IOP	were	measured	at	different	time	intervals	as	
depicted	in	Fig.	3.	The	mean	axial	length	measured	at	baseline	
was	 23.42	 ±	 0.91	mm.	Baseline	 recorded	 IOP	 at	 9	 am	was	
14	±	2.82	mmHg.

Diurnal variation in SFCT and SF-CVI
There	was	 a	 significant	 variation	 in	 SFCT	 (comparing	 the	
maximum	 and	minimum	 SFCT	 in	 the	 right	 eye	 of	 each	
individual)	across	the	time	frames	from	9	am	to	5	pm	(95%	CI	of	
the	difference:	25.29–44.04; P =	0.0001).	The	mean	SFCT	was	
highest	at	baseline	at	9	am,	and	the	mean	change	in	CT	from	
360.33	±	83.05	µm	at	9	am	to	352.58	±	88.72	µm	at	5	pm	using	
repeated	measures	ANOVA	was	not	 significant	 (P =	 0.41)	
as shown in Table	 1.	 In	 comparison,	 the	diurnal	 variation	
in	 SF-CVI	 (maximum	 and	minimum	 in	 each	 individual)	
was	 also	 significant	 (95%	CI	 of	 the	 difference:	 0.03–0.06; 
P =	 0.0001).	However,	 repeated	measures	ANOVA	with	
Greenhouse–Geisser	 correction	 comparing	mean	SF-CVI	at	
different	time	points	was	not	significant	(P =	0.43)	as	shown	
in Fig. 3.

The	mean	(±SD)	amplitude	of	SFCT	and	SF-CVI	variation	
was	 35.91	 ±	 14.8	µm	 (range,	 15–69	µm)	 and	 0.05	 ±	 0.02	
(range,	 0.02–0.08).	Comparison	of	 intraindividual	variation	
in	SFCT	readings	was	done	 in	view	of	high	 interindividual	
variation	in	SFCT.	This	revealed	that	7	of	12	(58.3%)	eyes	had	
the	highest	SFCT	at	9	am	with	a	nadir	at	3	pm	in	6	of	12	(50%)	
of the eyes.

Diurnal variation in peripapillary CVI
The	 comparison	of	mean	CVI	 in	 the	 temporal	 quadrant	 of	
peripapillary	 region	 showed	a	 significant	 variation	 in	CVI	
(P =	0.02),	whereas	nasal	 (P	=	0.83),	superior	 (P	=	0.59),	and	
inferior quadrants (P	=	0.99)	were	not	statistically	significant	
[Fig.	 4].	 The	 pair-wise	 comparison	 revealed	 significant	
difference	between	9	and	11	am	readings	only	in	the	temporal	
quadrant (P	=	0.046).

Baseline	SFCT	and	SF-CVI	were	not	significant	predictors	
of	amplitude	of	SFCT	and	CVI	variation	(P	=	0.45	and P =	0.70,	

Figure 2: Choroidal vascularity index (CVI) measurements in peripapillary area using swept‑source optical coherence tomography (SS‑OCT) 
line scans in both horizontal and vertical meridians (left, horizontal; right, vertical). Region of interest was cropped from the original OCT image. 
Automated segmentation was performed (yellow lines) followed by image binarization and CVI calculation similar to the description in Figure 1

Figure 3: (a) The change in systemic parameters such as systolic blood 
pressure (SBP), diastolic blood pressure (DBP), mean arterial (MAP), 
and mean ocular perfusion pressure (MOPP) at various time points 
from 9 am to 5 pm. (b and c) The graph depicting the diurnal variation in 
intraocular pressure (IOP), axial length, pulse rate, subfoveal choroidal 
thickness, and central macular thickness with time
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respectively).	CMT	 comparison	 using	 repeated	measures	
ANOVA	in	the	various	time	points	was	not	significant	(P	=	0.21).
The	different	 systemic	parameters	 such	as	SBP,	DBP,	MAP,	
and MOPP at various time points are represented in Fig. 3. 
Regression	analysis	comparing	the	amplitude	of	SFCT	variation	
with age (P	=	0.87),	refraction	(P	=	0.87),	axial	length	(P	=	0.66),	
and	other	parameters	 including	variation	 in	SBP	 (P	 =	 0.08),	
DBP (P	 =	0.51),	MAP	 (P	 =	0.35),	 and	MOPP	 (P	 =	0.49)	were	
not	 significant.	 Similar	 comparison	 of	 the	 amplitude	 of	
CVI	 variation	 to	 variation	 in	 SBP	 revealed	 significant	
results (R	 =	 0.61, P =	 0.03).	Other	 parameters	 including	
age (P	 =	 0.46),	 refraction	 (P	 =	 0.31),	 axial	 length	 (P	 =	 0.52),	
DBP (P	=	0.74),	MAP	(P	=	0.45),	and	MOPP	(P	=	0.69)	were	not	
significantly	correlated	with	amplitude	of	CVI	variation.

Discussion
We	studied	the	diurnal	variation	in	SFCT	and	CVI	in	healthy	
eyes	at	the	subfoveal	level	and	each	quadrant	of	the	peripapillary	
area.	Diurnal	changes	in	subfoveal	or	peripapillary	CVI	have	

not	been	reported	earlier.	The	comparison	of	the	mean	SFCT	
and	SF-CVI	 for	all	 the	 time	 frames	was	not	 significant.	The	
mean	 SF-CVI	 remained	 consistent	 throughout	 the	 time	
intervals.	However,	 the	 analysis	 of	 variation	 in	 only	 the	
maximum	and	minimum	SFCT	and	SF-CVI	in	each	individual	
showed	a	significant	diurnal	variation	 in	SFCT	and	SF-CVI,	
respectively.	This	comparison	of	these	two	specific	values	was	
undertaken	because	of	high	interindividual	differences	with	
each	individual	having	a	different	pattern	of	CT	variation.

Previous	authors	have	studied	diurnal	variation	in	SFCT	in	
humans	and	other	species	such	as	chick	and	marmoset.[6,7,14,22-24] 
Among	 the	 studies	 involving	 the	human	 choroid,	 various	
authors	have	shown	that	SFCT	was	maximum	in	the	night	or	
early	morning	which	reached	a	nadir	during	the	evening.[6,7] 
However,	 these	observations	have	not	been	consistent	with	
Chakraborty	et al. and Toyokawa et al.	showing	an	increase	in	
SFCT	as	the	day	progressed.[14,25] Our results showed highest 
SFCT	at	9	am	with	least	SFCT	at	3	pm.	This	variation	in	SFCT	
bears	similarity	to	some	of	the	previous	studies.[6-8]

SF-CVI	as	described	earlier	was	expected	to	carry	a	lesser	
diurnal	variation	when	compared	with	SFCT.	However,	 the	
results	were	contrary	to	our	hypothesis.	This	can	be	explained	
by	a	proportionate	increase	in	the	stromal	area	compared	with	
the	 luminal	 area	 leading	 to	 an	overall	 increase	 in	 the	 total	
choroidal	area.

There	was	no	significant	correlation	between	amplitude	of	
SFCT	and	SF-CVI	variation	with	baseline	SFCT	and	SF-CVI,	
respectively.	This	result	is	contrary	to	that	reported	by	Tan	et al. 
The	authors	have	shown	a	diurnal	variation	of	10.5	and	40	µm 
in	eyes	with	SFCT	of	≤300	and	≥400	μm,	respectively,	suggestive	
of	a	significant	variation	in	CT	in	eyes	with	thicker	choroid.[7] 
Studies	have	also	shown	a	negative	correlation	between	CT	and	
axial	length	which	was	not	evident	in	our	study.[7,8]

Authors	have	 reported	 conflicting	 results	of	variation	 in	
CT	with	SBP.[6-8]	We	found	no	significant	correlation	of	diurnal	
variation	 in	CT	with	SBP	similar	 to	 the	 study	by	Lee	 et al.[8] 

Figure 4: The graphical representation of the variation in peripapillary 
choroidal vascularity index (CVI) (shown as percentage) in all the four 
quadrants

Table 1: Diurnal variation in various ocular and systemic parameters across various time frames from 9 am to 5 pm

Variables 9 am 11 am 1 pm 3 pm 5 pm P

IOP (mmHg) 14±2.83 13.83±2.89 13±3.13 13.08±3.39 13.5±3.08 0.38

Axial length (mm) 23.42±0.91 23.43±0.91 23.45±0.91 23.43±0.91 23.44±0.90 0.18

SFCT (µm) 360.33±83.05 358.25±91.90 357.91±89.37 350.25±91.51 352.58±88.72 0.41

Macular CVI 0.42±0.03 0.42±0.04 0.42±0.02 0.42±0.03 0.41±0.03 0.43

Peripapillary CVI

Nasal 0.49±0.04 0.48±0.03 0.49±0.02 0.49±0.02 0.49±0.02 0.83

Temporal 0.42±0.02 0.44±0.02 0.43±0.02 0.44±0.02 0.44±0.02 0.02*
Superior 0.45±0.03 0.44±0.02 0.45±0.02 0.45±0.03 0.45±0.03 0.59

Inferior 0.45±0.03 0.45±0.04 0.45±0.04 0.45±0.03 0.45±0.02 0.99

CMT (µm) 214.83±12.44 217.25±10.39 216.33±11.44 214.33±12.16 213.5±11.72 0.21

Pulse (per min) 84.58±7.12 86.41±11.79 79.33±8.55 88.83±10.17 90.83±11.21 0.02
SBP (mmHg) 111.83±14.31 109.33±11.01 115.33±25.34 111.42±14.53 112.82±15.01 0.68

DBP (mmHg) 74.67±10.44 72.67±7.95 78.25±12.31 75.42±11.49 74.08±11.06 0.46

MAP (mmHg) 87.06±11.47 84.89±8.41 90.61±16.02 87.42±12.21 87.0±10.31 0.48
MOPP (mmHg) 48.95±6.69 47.61±4.72 51.99±9.98 49.8±7.63 49.25±6.46 0.36

IOP=Intraocular pressure, SFCT=Subfoveal choroidal thickness, CVI=Choroidal vascularity index, CMT=Central macular thickness, SBP=Systolic blood 
pressure, DBP=Diastolic blood pressure, MAP=Mean arterial pressure, MOPP=Mean ocular perfusion pressure. *Significant P values are highlighted
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However,	Tan	et al. and Usui et al. have reported a positive and 
negative	 correlation	of	SBP	with	CT,	 respectively.[6,7] On the 
other	hand,	CVI	was	 found	 to	have	a	 significant	 correlation	
with variation in SBP (r	=	0.61).	This	suggests	that	due	to	lack	
of	autoregulation	 in	 the	 choroidal	 circulation,	 the	 change	 in	
systemic	factors	such	as	rise	in	SBP	may	lead	to	higher	influx	
of	blood	due	to	compensatory	dilatation	and	may	directly	lead	
to	an	increase	in	the	area	of	the	vascular	lumen.	However,	the	
relationship	between	CVI	or	CT	and	arterial	blood	pressure	(SBP,	
DBP,	and	MAP)	is	not	linear	due	to	a	complex	interplay	between	
arterial	 blood	pressure	 and	 IOP.	An	 increase	of	up	 to	 67%	
in	MOPP	has	been	shown	 to	 increase	 the	choroidal	vascular	
resistance	translating	to	an	increase	of	only	12%	in	the	choroidal	
blood	flow.[26]	The	 timing	of	CT	measurements	adds	another	
variable	 to	a	 list	 of	multiple	 factors	 influencing	CT	 such	as	
axial	length,	refraction,	gender,	age,	and	ethnicity.	Researchers	
should	therefore	maintain	uniformity	in	measuring	SFCT	or	CVI	
at	a	specific	point	of	time	as	the	amplitude	of	intraindividual	
variation	 in	CT	and	SF-CVI	using	OCT	can	be	as	high	as	90	
µm,	and	0.08,	 respectively.[8] Brown et al.	 and	Chakraborty	
et al.	using	optical	biometry	have	shown	diurnal	variation	in	
CT	with	amplitude	ranging	from	59.5	±	24.2	and	29	±	16	µm,	
respectively.[13,14]	The	mean	amplitude	of	SFCT	 in	our	 study	
cohort	was	35.91	±	14.8	µm	(range,	15–69	µm),	whereas	the	mean	
amplitude	of	SF-CVI	variation	was	0.05	±	0.02	(range,	0.02–0.08).

We	also	compared	the	diurnal	variation	in	peripapillary	CVI	
in	all	quadrants.	The	variation	in	mean	CVI	in	the	temporal	
quadrant	of	 the	peripapillary	 region	was	 significant	with	a	
statistical	difference	between	 two	 readings	 at	 9	 and	11	 am	
in	the	pairwise	comparisons.	On	the	contrary,	no	significant	
differences	of	CVI	were	noted	at	different	time	points	in	the	
rest of the peripapillary area.

The strengths of this study are the analysis of variation 
in	CVI	 in	 both	 subfoveal	 and	peripapillary	 regions	which	
has	 not	 been	 studied	 earlier.	We	 used	 an	 automated,	
previously	validated	algorithms	for	CT	and	CVI	calculation.	
We	particularly	used	algorithm	with	shadow	compensation	
which	helps	 to	 obtain	more	 accurate	 results	 on	 choroidal	
vascularity,	which	was	never	done	in	previous	studies.	The	
main	 drawback	 of	 this	 particular	 study	 is	 small	 sample	
size	 involving	healthy	 individuals	 of	 younger	 age	 group.	
Therefore,	variation	in	CT	in	elderly	individuals	or	diseased	
eye	was	 not	 available.	 The	CT	measurements	were	 done	
during	day	time	and	variation	 in	CT	during	the	night	was	
not	studied,	and	therefore	it	 is	difficult	to	comment	on	the	
true	peak	or	 trough	values	 of	CT	and	CVI.	The	multitude	
of	automated	algorithms	and	the	lack	of	studies	comparing	
different	algorithms	pose	difficulty	 in	 identifying	the	most	
accurate	algorithm	among	them.[12,18,22,27,28]	Moreover,	choroidal	
vascularity	obtained	from	these	algorithms	is	still	different	
from	the	true	histological	sections.[1,29]

Conclusion
In	 conclusion,	we	 report	 a	 significant	diurnal	variability	of	
SFCT	and	SF-CVI	using	peak–trough	comparison	in	healthy	
eyes.	However,	 the	mean	SFCT	and	SF-CVI	did	not	 show	
a	 significant	 difference.	 The	 changes	 in	 SF-CVI	 showed	
a	 significant	 positive	 correlation	with	 SBP.	 The	 temporal	
quadrant	in	peripapillary	area	showed	a	significant	variation	
in	CVI.	Prospective	studies	with	large	sample	size	may	provide	

a	better	idea	of	the	robustness	of	CVI	as	a	choroidal	parameter	
compared	with	CT.
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