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A b st r a ct

P ur p o s e

T o a s s e s s t h e r e p e at a bilit y of fl o w si g n al v oi d s ( F S V)  m e a s ur e m e nt s of t h e c h ori o c a pill ari s

( C C) a n d c h or oi d ( C H) i n c e ntr al s er o u s c h ori or eti n o p at h y ( C S C R) b y  S w e pt- S o ur c e o pti c al

c o h er e n c e t o m o gr a p h y a n gi o gr a p h y ( S S- O C T A).

M et h o d s

Cr o s s- s e cti o n al st u d y i n cl u di n g 1 0 4 e y e s of 5 2 p ati e nt s  wit h u nil at er al  C S C R.  T w o c o n s e c u-

ti v e  m a c ul ar 6 x 6  m m  S S- O C T A s c a n s ( Pl e x  Elit e 9 0 0 0;  Z ei s s,  D u bli n,  C A)  w er e o bt ai n e d

fr o m t h e aff e ct e d e y e s  wit h p er si st e nt s u br eti n al fl ui d ( S R F) ( C S C R gr o u p) a n d t h e f ell o w

u n aff e ct e d e y e s ( c o ntr ol gr o u p).  F S V ar e a a n d t h e n u m b er of c o nt o ur s  m e a s ur e m e nt s  w er e

a n al y z e d u si n g t hr e e sl a b s: i n n er  C C, o ut er  C C a n d  C H.  T h e r e p e at a bilit y of t h e  m e a s ur e-

m e nt s  w a s a s s e s s e d  wit h i ntr a cl a s s c orr el ati o n c o effi ci e nt s (I C C) a n d c o effi ci e nt s of v ari a-

ti o n ( C V).

R e s ult s

I n t h e  C S C R gr o u p, I C C s f or t h e  F S V ar e a i n t h e t hr e e sl a b s  w er e all � 0. 8 5 9, o b s er vi n g

hi g h er v al u e s f or t h e o ut er  C C a n d t h e  C H ( 0. 9 5 9 a n d 0. 9 6 4) t h a n f or t h e i n n er  C C ( 0. 8 5 9).

Si mil ar I C C v al u e s  w er e o bt ai n e d f or t h e  F S V ar e a i n c o ntr ol e y e s, o b s er vi n g t h e hi g h e st

v al u e s f or t h e o ut er  C C ( 0. 9 4 9), f oll o w e d b y t h e  C H ( 0. 9 3 2) a n d i n n er  C C ( 0. 8 4 4).  R e g ar di n g

t h e  F S V n u m b er of c o nt o ur s  m e a s ur e m e nt s, I C C s  w er e hi g h er f or t h e o ut er  C C a n d  C H

( 0. 9 4 9 a n d 0. 9 3 2) t h a n f or i n n er  C C ( 0. 8 4 4).  C V f or t h e  F S V ar e a  w a s 4. 7 %, 3. 8 % a n d 8. 6 %

i n t h e  C S C R e y e s a n d 4. 8 %, 3. 9 % a n d 9. 3 % i n t h e c o ntr ol gr o u p f or t h e i n n er  C C, o ut er  C C

a n d  C H r e s p e cti v el y.

P L O S O N E

P L O S  O N E | htt p s:// d oi. or g/ 1 0. 1 3 7 1/j o ur n al. p o n e. 0 2 7 9 2 4 3 D e c e m b er 1 6, 2 0 2 2 1 / 1 4

a 1 1 1 1 1 1 1 1 1 1
a 1 1 1 1 1 1 1 1 1 1
a 1 1 1 1 1 1 1 1 1 1
a 1 1 1 1 1 1 1 1 1 1
a 1 1 1 1 1 1 1 1 1 1

O P E N  A C C E S S
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C o n cl u si o n

S S- O C T A off er s g o o d r e p e at a bilit y t o q u a ntif y  m a c ul ar  F S V i n  C S C R e y e s a n d f ell o w e y e s.

I ntr o d u cti o n

C e ntr al s er o us c h ori or eti n o p at h y ( C S C R) r e pr es e nts o n e of t h e  m ai n c a us es of vis u al a c uit y

( V A) i m p air m e nt i n p ati e nts u n d er 6 0 y e ars. It is pri m aril y c h ar a ct eri z e d b y s u br eti n al fl ui d

( S R F) ass o ci at e d  wit h a r eti n al pi g m e nt e pit h eli u m ( R P E) d et a c h m e nt i n t h e p ost eri or p ol e [ 1 ].

C S C R p at h o p h ysi ol o g y is n ot f ull y u n d erst o o d, alt h o u g h c h or oi d al v ess el dil ati o n a n d c h or oi-

d al h y p er p er m e a bilit y h a v e b e e n d o c u m e nt e d, t h us i n cl u di n g  C S C R as p art of t h e p a c h y c h or-

oi d dis e as es [ 2 – 4 ]. I n t h e l att er t h er e is a dir e ct c o m pr essi o n of t h e o v erl yi n g c h ori o c a pill aris

( C C) b y t h e a b n or m all y dil at e d c h or oi d al v ess els c o m bi n e d  wit h li mit e d el asti cit y or c o m pli-

a n c e [ 5 , 6 ].  C h or oi d al i m a gi n g r e v e al e d t hi n ni n g of t h e i n n er c h or oi d a n d e nl ar g e d o ut er c h o-

r oi d al l u mi n a i n  C S C R, f urt h er s u p p orti n g t his h y p ot h esis.  T his  m a y alt er t h e b arri er f u n cti o n

of t h e  C C – R P E c o m pl e x, s u bs e q u e ntl y c a usi n g s u br eti n al fl ui d ( S R F) a c c u m ul ati o n.

I n t his c o nt e xt, s o m e a ut h ors h a v e d es cri b e d a n i m p air e d fl o w of t h e  C C a n d c h or oi d i n

C S C R p ati e nts [ 7 , 8 ]. S e v er al a ut h ors h a v e d es cri b e d t h at i n  C S C R irr e g ul ar  C C fl o w p att er ns

c orr es p o n di n g t o I C G A a b n or m aliti es ar e pr es e nt [ 9 – 1 2 ].  H o et al. r e p ort e d t h at t h e fl o w d efi-

cit ar e as i d e ntifi e d i n t h e  C C l a y er  m a y s u g g est p ossi bl e r el ati v e c h or oi d al is c h a e mi a [ 6 ].

T h e r e c e ntl y d e v el o p e d o pti c al c o h er e n c e t o m o gr a p h y a n gi o gr a p h y ( O C T A) us es diff er e nt

al g orit h ms t o d et e ct r e d bl o o d c ell  m oti o ns off eri n g n o n-i n v asi v e vis u ali z ati o n of t h e fl o w i n

diff er e nt pl e x us of t h e r eti n a a n d t h e c h or oi d [ 1 3 , 1 4 ].  T h e i m a gi n g a n d a n al ysis of t h e  C C

usi n g  O C T A is c h all e n gi n g f or  m ulti pl e r e as o ns. Firstl y, t h e  C C is a t hi n b ut d e ns e v as c ul ar

l a y er l o c at e d i n t h e i n n er c h or oi d a dj a c e nt t o t h e Br u c h  m e m br a n e ( B M), a n d s e c o n dl y, as

C h u et al. st at e d, a n a c c ur at e s e g m e nt ati o n is cr u ci al f or c orr e ct vis u ali z ati o n of t h e  C C fl o w

usi n g  O C T A [ 1 5 ]. F urt h er m or e, t h e i m a g e h as a gr ai n y a p p e ar a n c e of alt er n ati n g  w hit e a n d

bl a c k pi x els b ei n g diffi c ult t o dis c er n t h e c a pill ar y d et ail.  T his is t h o u g ht t o b e d u e t o t h e li m-

it e d r es ol uti o n of c urr e nt  O C T A t e c h n ol o g y, n ois e, as  w ell as a d y n a mi c as p e ct of t h e  C C cir-

c ul ati o n [ 1 6 ].

A ut o m ati c  m e as ur e m e nt al g orit h ms h a v e b e e n i m pl e m e nt e d i n  m ulti pl e  O C T d e vi c es t o

o bt ai n q u a ntit ati v e v ess el  m e as ur e m e nts  w hi c h e n a bl e us t o d es cri b e t h e st at us or t h e c h a n g es

of t h e r eti n al a n d c h or oi d al v as c ul at ur e [ 1 3 , 1 7 , 1 8 ].  T h es e p ar a m et ers i n cl u d e v ess el d e nsit y

( V D), p erf usi o n d e nsit y or fl o w si g n al v oi ds ( F S V) [1 9 ].  As t his t e c h n ol o g y is r el ati v el y n e w,

a n i n cr e asi n g i nt er est i n t h e r e pr o d u ci bilit y of  O C T A  m e as ur e m e nts n ot o nl y i n t h e r eti n a b ut

als o i n t h e  C C a n d c h or oi d a n d i n dis e as e’s e y es h as b e e n r e c e ntl y d e v el o p e d [ 2 0 – 2 3 ].

T h er ef or e, t h e p ur p os e of t h e pr es e nt st u d y is t o ass ess t h e r e p e at a bilit y of S S- O C T A  m a c u-

l ar F S V  m e as ur e m e nts i n  C S C R e y es a n d f ell o w u n aff e ct e d e y es.

M et h o d s

F or t his cr oss-s e cti o n al st u d y, 5 2 p ati e nts  wit h u nil at er al c hr o ni c  C S C R  w er e e nr oll e d a m o n g

t h os e  w h o c a m e t o a cli ni c al visit o v er t h e p eri o d fr o m J a n u ar y 1 0, 2 0 2 0, t o  M ar c h 1 5, 2 0 2 1, i n

H os pit al  Clı ´ni c o S a n  C arl os,  M a dri d ( S p ai n). B ot h e y es of e a c h p ati e nt  w er e i n cl u d e d t o ass ess

t h e r e pr o d u ci bilit y of t h e F S V a n al ysis, di vi d e d i nt o t w o gr o u ps: aff e ct e d e y es  wit h p ersist e nt

s u br eti n al fl ui d ( S R F) f or at l e ast t hr e e  m o nt hs ( C S C R gr o u p) a n d t h e f ell o w cli ni c all y u n af-

f e ct e d e y es ( c o ntr ol gr o u p).

S u bj e cts  w er e i n vit e d t o p arti ci p at e if t h e y  m et all t h e i n cl usi o n crit eri a a n d n o n e of t h e

e x cl usi o n crit eri a, aft er gi vi n g t h eir  writt e n i nf or m e d c o ns e nt.  T h e st u d y pr ot o c ol a d h er e d t o

P L O S O N E R e p e at a bilit y of c h ori o c a pill ari s fl o w v oi d s b y  O C T A i n  C S C R
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F u n di n g: T h e a ut h or( s) r e c ei v e d n o s p e cifi c

f u n di n g f or t hi s  w or k.

C o m p eti n g i nt er e st s: T h e a ut h or s h a v e d e cl ar e d

t h at n o c o m p eti n g i nt er e st s e xi st.
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t h e t e n ets of t h e  D e cl ar ati o n of  H elsi n ki a n d  w as a p pr o v e d b y t h e I nstit uti o n al  R e vi e w B o ar d

of t h e  C e nt er.

T h e i n cl usi o n crit eri a  w er e: h e alt h y  C a u c asi a n s u bj e cts, a g e d � 1 8 y e ars,  wit h a s p h eri c al

r efr a cti v e err or b et w e e n + 3. 0 a n d - 3. 0 di o pt ers a n d i ntr a o c ul ar pr ess ur e (I O P) < 2 1  m m  H g i n

b ot h e y es. E x cl usi o n crit eri a  w er e: o c ul ar dis e as es ( m a c ul ar dis e as es s u c h as a g e-r el at e d  m a c u-

l ar d e g e n er ati o n or  m a c ul ar d ystr o p hi es; r eti n al v as c ul ar dis e as es s u c h as di a b eti c r eti n o p at h y,

r eti n al v ei n o c cl usi o n or t h e pr es e n c e of n e o v as c ul ar  m e m br a n e; gl a u c o m a a n d ot h er n e ur o p a-

t hi es) or s yst e mi c p at h ol o g y (s u c h as art eri al h y p ert e nsi o n or di a b et es), si g nifi c a nt  m e di u m

o p a cit y of t h e l e ns or c or n e a, a n y o c ul ar tr e at m e nt i n t h e t hr e e pr e vi o us  m o nt hs or pr e vi o us

e y e s ur g er y. I n a d diti o n, i m a g es  wit h l ar g e  m oti o n artif a cts d u e t o t h e l a c k of c oll a b or ati o n

a n d t h e i m p ossi bilit y t o a cti v at e t h e e y e tr a c k er b y t h e s oft w ar e  w er e e x cl u d e d.

T h e s u bj e cts e nr oll e d first u n d er w e nt a  m e di c al hist or y a n d a c o m pr e h e nsi v e o p ht h al m o-

l o gi c e x a mi n ati o n f oll o w e d b y  O C T A o n t h e s a m e d a y.  T h e e y e e x a m i n cl u d e d vis u al a c uit y

a n d r efr a cti o n, slit-l a m p bi o mi cr os c o p y a n d p ost eri or s e g m e nt o p ht h al m os c o p y. I n e a c h p ar-

ti ci p a nt, a g e, g e n d er a n d a xi al l e n gt h (I O L  m ast er 7 0 0;  C arl  Z eiss J e n a,  G er m a n y)  w er e n ot e d.

O C T A e x a mi n ati o n

F or t h e e x pl or ati o ns t h e d e vi c e e m pl o y e d  w as Pl e x Elit e ( Z eiss  M e dit e c,  D u bli n,  C A) a s w e pt-

s o ur c e  O C T A ( S S- O C T A)  w hi c h us es a c e ntr al  w a v el e n gt h b et w e e n 1, 0 4 0 n m a n d 1, 0 6 0 n m

wit h a n a xi al r es ol uti o n of 6. 3 μ m, a tr a ns v ers e r es ol uti o n of 2 0 μ m a n d a s c a n ni n g s p e e d of

1 0 0, 0 0 0  A-s c a ns p er s e c o n d.  T h e  m ai n c h ar a ct eristi cs of t h e 6 x 6  m m s c a n ar e: 5 0 0  A-s c a ns,

5 0 0 B-s c a ns, r es ol uti o n of 1 2 μ m, d e pt h of 3  m m a n d pi x el d e pt h of 1 5 3 6 pi x els.  T h e al g orit h m

e m pl o y e d  w as  A n gi o Pl e x Elit e 9 0 0 0 ( A n gi o Pl e x Elit e 9 0 0 0,  Z eiss,  G er m a n y).  All  O C T A i m a g es

w er e a c q uir e d b y t w o  w ell-tr ai n e d e x a mi n ers ( FJ M M a n d JI F V).  O nl y i m a g es of s uffi ci e nt

q u alit y, as d et er mi n e d b y a si g n al q u alit y > 7/ 1 0,  w er e a c c e pt e d.

T w o c o ns e c uti v e  m a c ul ar s c a ns c e nt er e d i n t h e  m a c ul a  wit h a n ar e a of 6 x 6  m m s e p ar at e d

b y a 2  mi n ut es i nt er v al usi n g t h e S S- O C T A d e vi c e  w er e o bt ai n e d.  T h e e y e tr a c k er  w as a cti-

v at e d, s o t h e e x pl or ati o n  w as a ut o m ati c all y c e nt er e d o n t h e s a m e ar e a.  T h er ef or e, t h e t w o

s c a ns  w er e ali g n e d b ef or e t h e a n al ysis.  T hr e e sl a bs  w er e a n al y z e d: i n n er c h ori o c a pill aris ( C C)

( e xt e n ds 4 t o 2 0 μ m b el o w t h e r eti n al pi g m e nt e pit h eli u m,  R P E), o ut er  C C ( e xt e n ds 2 9 t o

4 9 μ m b el o w t h e  R P E) a n d c h or oi d ( C H;  m e as ur e d fr o m 6 4 t o 1 1 5 μ m b el o w t h e  R P E) ( Fi g 1 ).

T h es e sl a bs ( o ut er  C C a n d c h or oi d)  w er e d efi n e d b as e d o n t h e d ef a ult s etti n gs of t h e s oft-

w ar e d e vi c e, a n d t h e i n n er  C C  w as b as e d o n t h e pr o p os al b y diff er e nt e x p ert a ut h ors [ 1 5 ]. F S V

ar e a a n d t h e n u m b er of c o nt o urs  m e as ur e m e nts  w er e a n al y z e d usi n g c ust o mi z e d s oft w ar e

( Fi gs 2 a n d 3 ).

I m a g es  w er e a n al y z e d aft er c h e c ki n g f or a p pr o pri at e s e g m e nt ati o n a n d a p pl yi n g t h e

d e vi c e’s s oft w ar e pr oj e cti o ns r e m o v al al g orit h m.

C o m p ut ati o n al i m a g e a n al ysis

All t h e i m a g es  w er e pr o c ess e d usi n g a c ust o m a ut o m ati c al g orit h m d e v el o p e d i n P yt h o n 3. 7. 9

t o d et e ct a n d q u a ntif y t h e pr es e n c e of F S V i n t h e  C C sl a b a n d  C H sl a b [3 , 1 2 , 2 4 , 2 5 ]. I n a d di-

ti o n t o P yt h o n, t h e o p e n-s o ur c e li br ar y  O p e n C V 4. 5. 1. 4 8  w as us e d f or t h e d e v el o p m e nt of t his

al g orit h m [ 2 6 ].  A di a gr a m s h o wi n g t h e diff er e nt st e ps of t his i m a g e- pr o c essi n g al g orit h m is

pr es e nt e d i n Fi g 4 .

F or e a c h of o ur i m a g es,  w e e xtr a ct e d a bi n ar y  m as k  w h er e t h e diff er e nt ar e as c orr es p o n di n g

t o t h e F S V  w er e r e pr es e nt e d.  T o e xtr a ct t his bi n ar y  m as k, first, t h e i m a g es  w er e n or m ali z e d t o

a c o m m o n r a n g e of v al u es usi n g a  mi n- m a x n or m ali z ati o n.  T h e o bt ai n e d v al u es  w er e  m a p p e d

t o t h e c o m m o n r a n g e ( 0 – 2 5 5) usi n g li n e ar s c ali n g.  T his n or m ali z ati o n of t h e r a n g e of v al u es
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Fi g 1. T his i m a g e s h o ws t h e B-s c a n of t h e o pti c al c o h er e n c e t o m o gr a p h y  wit h fl o w s u p er p ositi o n a n d t h e t hr e e diff er e nt sl a bs
st u di e d s e g m e nt e d: 1) i n n er c h ori o c a pill aris ( C C, 4 t o 2 0 μ m b el o w t h e r eti n al pi g m e nt e pit h eli u m,  R P E), 2) o ut er  C C ( 2 9 t o 4 9 μ m
b el o w t h e  R P E) a n d 3) c h or oi d ( C H, 6 4 t o 1 1 5 μ m b el o w t h e  R P E) i n c e ntr al s er o us c h ori or eti n o p at h y ( C S C R) a n d f ell o w e y es.

htt p s:// d oi. or g/ 1 0. 1 3 7 1/j o ur n al. p o n e. 0 2 7 9 2 4 3. g 0 0 1

Fi g 2.  O pti c al c o h e r e n c e t o m o g r a p h y a n gi o g r a p h y ( O C T A) i m a g es a n d t h e c o r r es p o n di n g a n al y z e d i m a g es of t h e fl o w
si g n al v oi ds ( F S V) a r e a of t h e t h r e e sl a bs st u di e d (i n n e r c h o ri o c a pill a ris,  C C; o ut e r  C C a n d c h o r oi d) f o r t h e e x pl o r ati o n 1
a n d 2 (t w o c o ns e c uti v e s c a ns s e p a r at e d b y a t w o- mi n ut e i nt e r v al) i n c e nt r al s e r o us c h o ri o r eti n o p at h y ( C S C R) a n d f ell o w
e y es.

htt p s:// d oi. or g/ 1 0. 1 3 7 1/j o ur n al. p o n e. 0 2 7 9 2 4 3. g 0 0 2
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pr o vi d es r o b ust n ess t o t h e i m a g e pr o c essi n g,  w hi c h i n cr e as es t h e r e p e at a bilit y of t h e  m et h o d.

T h e n, a c o ntr ast-li mit e d a d a pti v e hist o gr a m e q u ali z ati o n ( C L A H E)  wit h a n ei g h b or h o o d si z e

(s m all til es) of 8 x 8  w as a p pli e d.  T h e a p pli c ati o n of  C L A H E all o ws us t o i n cr e as e t h e c o ntr ast

b et w e e n t h e d ar k est a n d bri g ht est ar e as of t h e i m a g e l o c all y.  T his  miti g at es t h e pr o bl e ms

c a us e d b y ill u mi n ati o n c h a n g es i n s m all ar e as of t h e i m a g e a n d all o ws us t o s e g m e nt t h e F S V

m or e a c c ur at el y.  N e xt, i n v ers e gl o b al t hr es h ol di n g  w as a p pli e d, r es ulti n g i n a bi n ar y i m a g e

w h er e t h e fl o w v oi ds  w er e  m ar k e d i n  w hit e.  T o est a blis h t h e t hr es h ol d v al u e, t h e eff e ct of dif-

f er e nt v al u es  w as t est e d t o  m a xi mi z e t h e fl o w v oi ds t o n ois e r ati o.  T h e hi g h er t h e t hr es h ol d

v al u e, t h e hi g h er t h e pr o b a bilit y of f als e p ositi v es, s o t h e s m all est v al u e t h at all o ws s e g m e nti n g

t h e tr u e fl o w v oi ds a c c ur at el y  w as s el e ct e d as t h e t hr es h ol d v al u e.  T his v al u e  w as s et t o 3 0, as it

pr o d u c es a n a p pr o pri at e b al a n c e b et w e e n fl o w v oi ds s e g m e nt ati o n a n d n ois e  mi ni mi z ati o n.

L astl y, a filt er of t h e d et e ct e d fl o w v oi ds  w as p erf or m e d o n t his bi n ar y i m a g e, k e e pi n g

t h os e  wit h a n ar e a gr e at er t h a n 2 0 pi x els ( 0, 6 8 6 μ m 2) aft er t h e a p pli c ati o n of a s oft dil ati o n.

T his filt er si z e all o ws us t o r e m o v e t h e n ois e t h at is pr es e nt i n t h e bi n ar y i m a g e a n d h el ps us

k e e p o nl y t h os e F S V t h at ar e si g nifi c a nt.  T o s el e ct t h e si z e of t his filt er si z e  w e us e d t h e s a m e

crit eri a as  wit h t h e t hr es h ol d v al u e.  T h er ef or e,  w e us e d t h e l ar g est filt er si z e t h at all o w e d us t o

eli mi n at e f als e p ositi v es  wit h o ut d e gr a di n g t h e tr u e fl o w v oi ds. Fi n all y, fr o m t his bi n ar y  m as k

w e c al c ul at e d t w o diff er e nt p ar a m et ers.  O n t h e o n e h a n d,  w e c al c ul at e d t h e t ot al ar e a of F S V.

T his v al u e c orr es p o n ds t o t h e s u m of all r el ati v e ar e as t h at d o n ot h a v e bl o o d fl o w i n t h e

i m a g e.  O n t h e ot h er h a n d,  w e c al c ul at e d t h e n u m b er of F S V c o nt o urs c orr es p o n di n g t o t h e

n u m b er of fl o w v oi ds r e gi o ns pr es e nt i n t h e i m a g e.  T h es e v al u es  w er e tr a nsf or m e d fr o m pi x els

t o μ m 2 .

Fi g 3.  O pti c al c o h e r e n c e t o m o g r a p h y a n gi o gr a p h y ( O C T A) i m a g es a n d t h e c o r r es p o n di n g a n al y z e d i m a g es of t h e fl o w
si g n al v oi ds ( F S V) n u m b e r of c o nt o u rs of t h e t h r e e sl a bs st u di e d (i n n e r c h o ri o c a pill a ris,  C C; o ut e r  C C a n d c h o r oi d) f o r
t h e e x pl o r ati o ns 1 a n d 2 i n c e nt r al s e r o us c h o ri o r eti n o p at h y ( C S C R) a n d f ell o w e y es.
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St atisti c al a n al ysis

All st atisti c al t ests  w er e p erf or m e d usi n g t h e s oft w ar e p a c k a g e S P S S 1 ( St atisti c al P a c k a g e f or

S o ci al S ci e n c es, v 2 1. 0; S P S S I n c.,  C hi c a g o, I L,  U S A).  Q u a ntit ati v e d at a ar e pr o vi d e d as t h e

m e a n a n d st a n d ar d d e vi ati o n.  Q u alit ati v e d at a ar e e x pr ess e d as t h eir fr e q u e n c y distri b uti o ns.

I n t h e F S V r e p e at a bilit y a n al ysis, f or e a c h  m e as ur e m e nt, t h e i ntr a cl ass c orr el ati o n c o effi ci e nt

(I C C; t w o- w a y  mi x e d eff e cts, a bs ol ut e a gr e e m e nt, si n gl e  m e as ur e m e nt a n d  m e a n  m e as ur e-

m e nt)  wit h its c o nfi d e n c e i nt er v al 9 5 % (I C 9 5)  w as c al c ul at e d f or t h e t w o c o ns e c uti v e s c a ns.

T h e c o effi ci e nt of v ari ati o n ( C V), a st atisti c al  m e as ur e of t h e r el ati v e dis p ersi o n of d at a p oi nts

i n a d at a s eri es ar o u n d t h e  m e a n,  w as als o c al c ul at e d. L astl y, Bl a n d- Alt m a n pl ots  w er e c al c u-

l at e d t o a n al y z e t h e a gr e e m e nt b et w e e n t h e  m e as ur e m e nts i n t h e F S V ar e a a n d n u m b er of c o n-

t o urs i n t h e diff er e nt s e g m e nt ati o ns st u di e d. Si g nifi c a n c e  w as s et at p< 0. 0 5.

R e s ult s

M e a n p arti ci p a nt a g e  w as 4 8. 5 ± 8. 7 y e ars (r a n g e, 2 2 – 6 4 y e ars); 6 0. 5 %  w er e  m al es.  M e a n  A L

w as 2 3. 3 ± 1. 1  m m (r a n g e, 2 0. 1 – 2 5. 5  m m).  T w o c as es  w er e e x cl u d e d d u e t o a l a c k of c oll a b or a-

ti o n  w hi c h r es ult e d i n  m oti o n artif a cts, b ei n g t h e fi n al s a m pl e si z e a n al y z e d o n e h u n dr e d a n d

f o ur e y es of 5 2 p ati e nts  wit h u nil at er al  C S C R, i n cl u di n g 5 2 aff e ct e d e y es ( wit h t h e pr es e n c e of

S R F) a n d 5 2 e y es cli ni c all y u n aff e ct e d.

T h e  m e a n F S V ar e a i n t h e  C S C R gr o u p  w as 5. 3 1 9 ± 0. 9 3 4 μ m 2 (r a n g e 3. 0 4 1 – 7. 6 4 5) a n d

5. 3 1 6 ± 0. 9 4 2 ( 3. 4 7 3 – 8. 0 0 8) f or t h e i n n er  C C, 1. 9 9 8 ± 0. 5 5 7 ( 1. 1 3 6 – 3. 8 9 9) a n d 1. 9 9 8 ±

Fi g 4.  Di a g r a m s h o wi n g t h e diff e r e nt st e ps of t his i m a g e- p r o c essi n g al g o rit h m.
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0. 5 7 6 μ m 2 ( 1. 0 9 5 – 4. 0 1 8) f or t h e o ut er  C C a n d 0. 5 3 8 ± 0. 3 4 9 ( 0. 1 9 3 – 2. 0 5 6) a n d 0. 5 3 1 ±

0. 3 3 3 μ m 2 ( 0. 1 5 7 – 1. 8 5 0) f or t h e  C H f or t h e  m e as ur e m e nt 1 a n d 2 r es p e cti v el y ( T a bl e 1 ).

T h e I C C  w as hi g h est f or t h e c h or oi d 0. 9 6 4 (I C 9 5, 0. 9 3 7 – 0. 9 7 9), f oll o w e d b y t h e o ut er  C C

0. 9 5 9 ( 0. 9 2 8 – 0. 9 7 7), a n d b ei n g t h e l o w est t h e i n n er  C C 0. 8 5 9 ( 0. 7 6 3 – 0. 9 1 8).

I n t h e f ell o w e y es ( c o ntr ol gr o u p) t h e  m e a n F S V ar e a f or t h e i n n er  C C  w as 5. 2 7 9 ± 0. 9 6 6

(r a n g e 3. 5 1 7 – 9. 7 7 6) a n d 5. 2 4 9 ± 0. 8 6 9 ( 3. 3 3 4 – 8. 2 2 6); f or t h e o ut er  C C 1. 7 3 6 ± 0. 4 0 0 ( 1. 1 0 2 –

3. 6 3 7) a n d 1. 7 2 9 ± 0. 3 9 9 ( 1. 0 7 1 – 3. 4 3 0); a n d f or t h e  C H 0. 4 3 8 ± 0. 3 1 5 ( 0. 1 5 9 – 2. 3 0 6) a n d

0. 4 6 5 ± 0. 3 5 0 ( 0. 1 1 0 – 2. 6 2 7) ( T a bl e 1 ).  T h e hi g h est I C C  w as o bs er v e d f or t h e o ut er  C C 0. 9 4 9

(I C 9 5, 0. 9 1 3 – 0. 9 7 0), f oll o w e d b y t h e  C H 0. 9 3 2 ( 0. 8 8 5 – 0. 9 6 1) a n d b ei n g t h e l o w est I C C f or t h e

i n n er  C C 0. 8 4 4 ( 0. 7 4 4 – 0. 9 0 8).

F or t h e F S V n u m b er of c o nt o urs i n t h e  C S C R e y es t h e hi g h est I C C  w as o bs er v e d f or t h e

C H 0. 9 3 5 ( 0. 8 8 7 – 0. 9 6 3) f oll o w e d b y t h e o ut er  C C 0. 8 8 4 ( 0. 8 0 2 – 0. 9 3 4) a n d b y t h e i n n er  C C

0. 8 3 2 ( 0. 7 1 8 – 0. 9 0 2) ( T a bl e 2 ).

Si mil ar I C Cs v al u es  w er e o bs er v e d b et w e e n  C S C R e y es a n d t h e f ell o w e y es ( 0. 8 5 9, 0. 9 5 9

a n d 0. 9 6 4 v ers us 0. 8 4 4, 0. 9 4 9 a n d 0. 9 3 2 f or t h e i n n er  C C, o ut er  C C a n d c h or oi d r es p e cti v el y).

I n t h e f ell o w e y es, hi g h er I C C v al u es  w er e o bs er v e d f or t h e o ut er  C C 0. 9 0 7, f oll o w e d b y t h e

C H 0. 8 8 1, a n d b y t h e i n n er  C C 0. 8 4 3.

I n t h e c o m p aris o n b et w e e n  C S C R e y es a n d t h e f ell o w e y es f or t h e i n n er a n d o ut er  C C  m e a-

s ur e m e nts, si mil ar I C Cs v al u es  w er e o bs er v e d ( 0. 8 3 2 a n d 0. 8 8 4 v ers us 0. 8 4 3 a n d 0. 9 0 7 r es p e c-

ti v el y).  H o w e v er, a n oti c e a bl y hi g h er I C C v al u e  w as o bs er v e d f or t h e dis e as e e y es t h a n f or t h e

u n aff e ct e d o n es ( 0. 9 3 5 vs 0. 8 8 1 r es p e cti v el y).

R e g ar di n g t h e l at er alit y, 5 4 ri g ht a n d 5 0 l eft e y es  w er e aff e ct e d b y  C S C R, a n d n o diff er e n c es

w er e o bs er v e d i n t er ms of t h e I C Cs v al u es.

T a bl e 1.  A bs ol ut e v al u es a n d r e p e at a bilit y of fl o w si g n al v oi ds ( F S V) a r e a ( μ m 2 ) i n t h e diff e r e nt g r o u ps a n d sl a bs st u di e d b y s w e pt-s o u r c e o pti c al c o h e r e n c e t o m o g-
r a p h y a n gi o g r a p h y.

C S C R e y es ( n = 5 2 e y es) I n n e r  C C O ut e r  C C C h o r oi d

M e as ur e m e nt 1 5. 3 1 9 ± 0. 9 3 4 1. 9 9 8 ± 0. 5 5 7 0. 5 3 8 ± 0. 3 4 9

( 3. 0 4 1 – 7. 6 4 5) ( 1. 1 3 6 – 3. 8 9 9) ( 0. 1 9 3 – 2. 0 5 6)

M e as ur e m e nt 2 5. 3 1 6 ± 0. 9 4 2 1. 9 9 8 ± 0. 5 7 6 0. 5 3 1 ± 0. 3 3 3

( 3. 4 7 3 – 8. 0 0 8) ( 1. 0 9 5 – 4. 0 1 8) ( 0. 1 5 7 – 1. 8 5 0)

I C C si n gl e  m e as ur es 0. 8 5 9 0. 9 5 9 0. 9 6 4

( 0. 7 6 3 – 0. 9 1 8) ( 0. 9 2 8 – 0. 9 7 7) ( 0. 9 3 7 – 0. 9 7 9)

I C C a v er a g e  m e as ur es 0. 9 2 4 0. 9 7 9 0. 9 8 2

( 0. 8 6 6 – 0. 9 5 7) ( 0. 9 6 3 – 0. 9 8 8) ( 0. 9 6 7 – 0. 9 9 0)

C V 4. 7 1 % 3. 8 2 % 8. 6 2 %

F ell o w e y es ( n = 5 2 e y es) I n n e r  C C O ut e r  C C C h o r oi d

M e as ur e m e nt 1 5. 2 7 9 ± 0. 9 6 6 1. 7 3 6 ± 0. 4 0 0 0. 4 3 8 ± 0. 3 1 5

( 3. 5 1 7 – 9. 7 7 6) ( 1. 1 0 2 – 3. 6 3 7) ( 0. 1 5 9 – 2. 3 0 6)

M e as ur e m e nt 2 5. 2 4 9 ± 0. 8 6 9 1. 7 2 9 ± 0. 3 9 9 0. 4 6 5 ± 0. 3 5 0

( 3. 3 3 4 – 8. 2 2 6) ( 1. 0 7 1 – 3. 4 3 0) ( 0. 1 1 0 – 2. 6 2 7)

I C C si n gl e  m e as ur es 0. 8 4 4 0. 9 4 9 0. 9 3 2

( 0. 7 4 4 – 0. 9 0 8) ( 0. 9 1 3 – 0. 9 7 0) ( 0. 8 8 5 – 0. 9 6 1)

I C C a v er a g e  m e as ur es 0. 9 1 6 0. 9 7 4 0. 9 6 5

( 0. 8 5 3 – 0. 9 5 2) ( 0. 9 5 4 – 0. 9 8 5) ( 0. 9 3 9 – 0. 9 8 0)

C V 4. 7 8 % 3. 8 6 % 9. 3 0 %

C S C R = c e ntr al s er o us c h ori or eti n o p at h y;  C C = c h ori o c a pill aris; I C C = i ntr a cl ass c orr el ati o n c o effi ci e nt ( 9 5 % c o nfi d e n c e i nt er v al);  C V = c o effi ci e nt of v ari ati o n.
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T h e  C V f or t h e F S V ar e a  w as 4. 7 1 %, 3. 8 2 % a n d 8. 6 2 % i n t h e  C S C R gr o u p a n d 4. 7 8 %, 3. 8 6 %

a n d 9. 3 0 % i n t h e n o n- C S C R gr o u p f or t h e i n n er  C C, o ut er  C C a n d  C H r es p e cti v el y ( T a bl e 1 ).

F or t h e F S V n u m b er of c o nt o urs, t h e  C V  w as 2. 2 4 %, 1. 9 7 % a n d 6. 4 6 % i n t h e  C S C R gr o u p a n d

2. 2 5 %, 1. 9 2 % a n d 8. 9 1 % i n t h e c o ntr ol gr o u p f or t h e i n n er  C C, o ut er  C C a n d  C H r es p e cti v el y

(T a bl e 2 ).

Bl a n d- Alt m a n pl ots f or t h e F S V ar e a ( Fi g 5 ) a n d n u m b er of c o nt o urs (Fi g 6 ) s h o w e d a g o o d

a gr e e m e nt b et w e e n t h e  m e as ur e m e nts p erf or m e d i n t h e diff er e nt s e g m e nt ati o ns st u di e d.

Di s c u s si o n

T h e r e c e nt c o m bi n ati o n of q u a ntit ati v e a n al ysis a n d  O C T A t e c h n ol o g y i m pli es t h at t h e r e pr o-

d u ci bilit y of t h e  m e as ur e m e nts, i n cl u di n g F S V,  m ust b e d et er mi n e d s o t h at t his t e c h ni q u e c a n

T a bl e 2.  A bs ol ut e v al u es a n d r e p e at a bilit y of fl o w si g n al v oi ds ( F S V) n u m b e r of c o nt o u rs i n t h e diff e r e nt g r o u ps a n d sl a bs st u di e d b y s w e pt-s o u r c e o pti c al c o h e r-
e n c e t o m o g r a p h y a n gi o g r a p h y.

C S C R e y es ( n = 5 2 e y es) I n n e r  C C O ut e r  C C C h o r oi d

M e as ur e m e nt 1 1 3, 9 7 5 ± 1, 1 0 4 ( 1 1, 3 3 2 – 1 6, 5 6 8) 1 1, 0 5 5 ± 9 8 6 ( 8, 8 4 3 – 1 4, 1 8 0) 4, 1 1 5 ± 1, 4 8 7 ( 1, 6 3 6 – 1 0, 3 2 8)

M e as ur e m e nt 2 1 4, 0 9 3 ± 1, 1 8 8 ( 1 1, 0 0 5 – 1 6, 4 7 6) 1 1, 0 3 8 ± 9 9 0 ( 8, 6 0 0 – 1 4, 1 2 3) 4, 0 7 7 ± 1, 4 9 1 ( 1, 5 4 4 – 1 0, 2 0 1)

I C C si n gl e  m e as ur es 0. 8 3 2 ( 0. 7 1 8 – 0. 9 0 2) 0. 8 8 4 ( 0. 8 0 2 – 0. 9 3 4) 0. 9 3 5 ( 0. 8 8 7 – 0. 9 6 3)

I C C a v er a g e  m e as ur es 0. 9 0 8 ( 0. 8 3 6 – 0. 9 4 9) 0. 9 3 9 ( 0. 8 9 0 – 0. 9 6 6) 0. 9 6 6 ( 0. 9 4 0 – 0. 9 8 1)

C V 2. 2 4 % 1. 9 7 % 6. 4 6 %

F ell o w e y es ( n = 5 2 e y es) I n n e r  C C O ut e r  C C C h o r oi d

M e as ur e m e nt 1 1 3, 9 7 5 ± 1, 1 7 9 ( 9, 0 3 9 – 1 6, 3 0 1) 1 1, 0 8 8 ± 9 7 2 ( 9, 1 4 4 – 1 4, 7 3 1) 3, 9 2 5 ± 1, 5 1 3 ( 1, 8 5 8 – 1 0, 7 1 8)

M e as ur e m e nt 2 1 4, 1 1 7 ± 9 9 8 ( 3, 3 3 4 – 8, 2 2 6) 1 1, 0 9 7 ± 1, 0 6 4 ( 8, 9 3 3 – 1 4, 7 7 7) 4, 0 5 1 ± 1, 5 8 9 ( 1, 2 4 7 – 1 1, 1 4 0)

I C C si n gl e  m e as ur es 0. 8 4 3 ( 0. 7 4 2 – 0. 9 0 7) 0. 9 0 7 ( 0. 8 4 3 – 0. 9 4 6) 0. 8 8 1 ( 0. 8 0 1 – 0. 9 3 0)

I C C a v er a g e  m e as ur es 0. 9 1 5 ( 0. 8 5 2 – 0. 9 5 1) 0. 9 5 1 ( 0. 9 1 5 – 0. 9 7 2) 0. 9 3 7 ( 0. 8 9 0 – 0. 9 6 4)

C V 2. 2 5 % 1. 9 2 % 8. 9 1 %

C S C R = c e ntr al s er o us c h ori or eti n o p at h y;  C C = c h ori o c a pill aris; I C C = i ntr a cl ass c orr el ati o n c o effi ci e nt ( 9 5 % c o nfi d e n c e i nt er v al);  C V = c o effi ci e nt of v ari ati o n.

htt p s:// d oi. or g/ 1 0. 1 3 7 1/j o ur n al. p o n e. 0 2 7 9 2 4 3.t 0 0 2

Fi g 5. Bl a n d- Alt m a n pl ots s h o wi n g t h e fl o w si g n al v oi ds ( F S V) ar e a i n t h e diff er e nt s e g m e nt ati o ns st u di e d ( A a n d  D: i n n er
c h ori o c a pill aris ( C C) i n  C S C R a n d f ell o w e y es r es p e cti v el y; B a n d E: o ut er  C C i n  C S C R a n d f ell o w e y es r es p e cti v el y,  C a n d F:
c h or oi d i n  C S C R a n d f ell o w e y es r es p e cti v el y).
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b e i m pl e m e nt e d i n cli ni c al r es e ar c h a n d pr a cti c e [ 8 , 2 5 , 2 7 ].  M or e o v er, i n or d er t o us e  O C T A

C C fl o w  m etri cs as a bi o m ar k er f or ass essi n g dis e as e a n d pr o gr essi o n, it s h o ul d b e a bl e t o d e m-

o nstr at e g o o d r e p e at a bilit y i n b ot h n or m al a n d p at h ol o gi c al e y es.

I n t his st u d y,  w e us e d a n S S- O C T A d e vi c e a n d d e v el o p e d a n e w al g orit h m t o q u a ntif y i n

t w o diff er e nt  m a n n ers: F S V ar e a a n d t h e n u m b er of c o nt o urs i n t h e  C C a n d c h or oi d i n  C S C R

p ati e nts, b ot h i n cli ni c all y aff e ct e d a n d u n aff e ct e d e y es.  O ur d at a i n di c at e g o o d r e p e at a bilit y

f or all t h e sl a bs (I C C � 0. 8 4 4), b ei n g hi g h er i n t h e  C H a n d t h e o ut er  C C t h a n i n t h e i n n er  C C.

Si mil ar I C C v al u es  w er e o bs er v e d b et w e e n  C S C R e y es a n d u n aff e ct e d f ell o w e y es, e x c e pt f or

t h e c h or oi d i n  w hi c h hi g h er v al u es  w er e o bs er v e d f or t h e dis e as e’s e y es.

It is  w ell- k n o w n t h at t h e  C C is a v er y t hi n v as c ul ar l a y er a n d t h e  C C i m a g es c urr e ntl y pr o-

vi d e d b y  O C T A s h o w a gr a n ul ar p att er n of bri g ht a n d d ar k ar e as of diff er e nt si z es, i n di vi d u al

c a pill ari es i n t h e  C C n ot b ei n g a bl e t o b e i d e ntifi e d [ 5 , 1 4 ]. Bri g ht er r e gi o ns r e pr es e nt hi g h er

fl o w ar e as  w hil e d ar k ar e as ar e c all e d fl o w v oi ds a n d d e pi ct ar e as  w h er e t h er e is a l a c k of fl o w

si g n al. B esi d es s h o wi n g c o m p ar a bl e l at er al r es ol uti o n t o str u ct ur al  O C T,  O C T A c a n d et e ct  C C

bl o o d fl o w, pr o d u ci n g c o ntr ast b et w e e n t h e  R P E a n d  C C [ 1 3 , 1 4 ]. Li n et al. h a v e r e c e ntl y

d es cri b e d t h at, as o p p os e d t o s u bf o v e al c h or oi d al t hi c k n ess, t h er e d o es n ot a p p e ar t o b e si g nifi-

c a nt di ur n al v ari ati o n i n  C C fl o w v oi ds, i n t er ms of t h e d e nsit y, si z e a n d n u m b ers, i n n or m al

i n di vi d u als. I n t h eir st u d y, t h e  C C i m a g e  w as t a k e n fr o m 3 1 μ m t o 4 0 μ m b el o w t h e  R P E.

T h us, t h e af or e m e nti o n e d st u d y s u g g ests t h at alt er ati o ns of  C C fl o w d efi cit s e e n i n p at h ol o gi c al

e y es  will n ot b e c o nf o u n d e d b y t h e di ur n al fl u ct u ati o n [ 2 8 ].

W e h a v e st u di e d t w o diff er e nt  C C sl a bs t o o bs er v e  w hi c h o n e off ers t h e  m ost r e p e at a bl e

r es ults.  T h e first o n e is off er e d b y d ef a ult b y t h e d e vi c e’s s oft w ar e ( 2 9 t o 4 9 μ m b el o w t h e  R P E).

M or e r e c e ntl y, a n e w i n n er sl a b ( 4 t o 2 0 μ m b el o w t h e  R P E) h as b e e n pr o p os e d b y diff er e nt

a ut h ors gi v e n t h at t h e tr u e a n at o mi c al l o c ati o n of t h e  C C li es i m m e di at el y u n d er t h e  R P E a n d

B M [ 1 5 ]. I n o ur st u d y,  w e h a v e o bs er v e d hi g h er r e p e at a bilit y v al u es f or t h e o ut er  C C t h a n t h e

i n n er  C C.  T his c o ul d b e d u e t o t h e  w ell- k n o w n  R P E si g n al s c att eri n g a n d a n artif a ct i m a g e of

Fi g 6. Bl a n d- Alt m a n pl ots s h o wi n g t h e fl o w si g n al v oi ds ( F S V) n u m b er of c o nt o urs i n t h e diff er e nt s e g m e nt ati o ns st u di e d ( A a n d
D: i n n er c h ori o c a pill aris ( C C) i n  C S C R a n d f ell o w e y es r es p e cti v el y; B a n d E: o ut er  C C i n  C S C R a n d f ell o w e y es r es p e cti v el y,  C a n d
F: c h or oi d i n  C S C R a n d f ell o w e y es r es p e cti v el y).
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t h e  C C  w h e n t h e sl a b is s e g m e nt e d i m m e di at el y b el o w t h e  R P E.  T h e c h or oi d sl a b off er e d g o o d

r e p e at a bilit y b ot h i n  C S C R a n d f ell o w e y es ( 0. 9 6 4 a n d 0. 9 3 2) b ei n g pr o b a bl y l ess d e p e n d e nt o n

pr oj e cti o n artif a cts.  H o w e v er, it pr es e nts t h e hi g h er  C V,  w hi c h  m e a ns a gr e at er l e v el of dis p er-

si o n ar o u n d t h e  m e a n i n t h e  C H  m e as ur e m e nts.

B y o n et al. h a v e st u di e d 1 2 h e alt h y s u bj e cts e m pl o yi n g a 3 x 3- m m s c a n usi n g t h e s a m e

d e vi c e  wit h t hr e e 1 0- m m-t hi c k sl a bs st arti n g 1 1, 2 1, a n d 3 1  m m b el o w t h e  R P E, o bs er vi n g a n

e x c ell e nt I C C of 0. 9 6 3, 0. 9 7 5, a n d 0. 9 1 1 r es p e cti v el y.  T h e y c o n cl u d e d t h at r e g ar dl ess of  w hi c h

p ar a m et er  w as  m o d ul at e d, t h e 2 1- 3 1- μ m sl a b  w as t h e  m ost r e p e at a bl e. I nt er esti n gl y, i n a c c or-

d a n c e  wit h o ur st u d y, B y o n et al. h a v e d es cri b e d t h at i n s o m e c as es t h e  m ost i n n er sl a b ( 1 1- 2 1-

μ m) d e m o nstr at e d a h y p oi nt e ns e r e gi o n c a us e d b y i n a d v ert e nt i n cl usi o n of t h e  R P E, s o t h e y

d e ci d e d t o n ot i n cl u d e d t his sl a b i n s u bs e q u e nt a n al ys es [ 1 6 ].

I n a pr e vi o us st u d y c arri e d o ut b y o ur gr o u p usi n g a n ot h er S S- O C T A d e vi c e ( Trit o n,  T o p-

c o n,  N a g o y a, J a p a n) f or t h e r e pr o d u ci bilit y of t h e v ess el d e nsit y q u a ntifi c ati o n i n h e alt h y i n di-

vi d u als, t h e  C C at t h e  m a c ul a, s e g m e nt e d fr o m  R P E t o 2 0. 2 μ m b e n e at h it si mil ar t o t h e i n n er

C C st u di e d h er e, s h o w e d g o o d r e p e at a bilit y i n t h e f o v e al s u bfi el d (I C C = 0. 7 1 8) [ 2 3 ].  H o w e v er,

p o or r e p e at a bilit y  w as f o u n d i n t h e p ar af o v e al s e ct ors ( � 0. 4 9 9). It s h o ul d b e hi g hli g ht e d t h at

Y u n et al. d es cri b e d t h at  V D a n d F V ar e as of t h e  C C v ari e d a c c or di n g t o t h e d e vi c e us e d a n d

t h e i m a g e a dj ust m e nt  m et h o d [2 9 ].

R e g ar di n g  C S C R,  X u et al. h a v e d es cri b e d a n a b err a nt fl o w i n t his dis e as e,  wit h a fl o w p at-

t er n d es cri b e d as f o c all y i n cr e as e d a n d d e cr e as e d pi x el v al u es,  w hi c h i m pli es a c o e xisti n g

i n cr e as e d a n d d e cr e as e d fl o w i n t h e  C C [1 1 ].  H o w e v er, t h e  m ai n li mit ati o n of t h at st u d y, as

t h e a ut h ors r e c o g ni z e d,  w as a q u alit ati v e e v al u ati o n d u e t o t h e i n a bilit y t o g et a q u a ntit ati v e

a n al ysis of t h e a b err a nt fl o w, a n d t h er ef or e, t h e l a c k of r e pr o d u ci bilit y of t his ass ess m e nt.

R o c h e p e a u et al. h a v e d e m o nstr at e d  C C fl o w r e d u cti o n i n t h e u n aff e ct e d e y es of p ati e nts  wit h

a c ut e, r e c urr e nt, or p ersist e nt  C S C at o ns et c o m p ar e d t o a g e- m at c h e d h e alt h y i n di vi d u als, s u g-

g esti v e of a pri m ar y c h or oi d o p at h y i n cl u di n g is c h e mi c pr o c ess es [ 8 ].

Y a n g et al. st u di e d 5 6  C S C R e y es, o bs er vi n g a si g nifi c a nt d e cr e as e i n t h e t ot al F S V ar e a at 6

m o nt hs aft er p h ot o d y n a mi c t h er a p y [ 2 5 ].  T h e y h a v e als o st u di e d a n i nt er esti n g iss u e a b o ut t h e

p ossi bl e i nfl u e n c e of t h e S R F i n t h e att e n u ati o n of F S V.  T h e y d es cri b e d t h at t h e r el ati o ns hi p

b et w e e n t h e  m e a n t ot al ar e a of F S V a n d S F C T, s u bf o v e al  C C l a y er t hi c k n ess, a n d s u bf o v e al

c h or oi d al l ar g e v ess el l a y er t hi c k n ess  w as n ot l ar g el y i nfl u e n c e d b y t h e pr es e n c e of S R F. I n t h e

pr es e nt st u d y,  w e h a v e st u di e d t w o diff er e nt gr o u ps, t h e  C S C R e y es  wit h S R F a n d t h e cli ni c all y

u n aff e ct e d e y es us e d as c o ntr ols t o ass ess t h e p ossi bl e i nfl u e n c e of t h e S R F i n t h e F S V q u a ntifi-

c ati o n at t h e  C C a n d  C H.  W e h a v e o bs er v e d v er y si mil ar r e p e at a bilit y i n e y es  wit h a n d  wit h o ut

S R F, s o it s e e ms t h at t h e F S V  m e as ur e m e nt is i n d e e d a r eli a bl e p ar a m et er. B ur n as h e v a et al.

d es cri b e d t h at t h e pr es e n c e of t h e g e n er al d e cr e as e of  C C p erf usi o n i n b ot h e y es of  C S C R

p ati e nts  w as irr es p e cti v e of t h e pr es e n c e of S R F or as y m pt o m ati c str u ct ur al  R P E c h a n g es [ 3 0 ].

R e m ar k a bl y, as d es cri b e d b y B y o n et al. i n dis e as e d e y es, t h e  R P E fit  w o ul d g e n er all y b e pr e-

f err e d f or  C C ass ess m e nt, as it  w o ul d ess e nti all y fl att e n t h e r ef er e n c e li n e [1 6 ].

T h er ef or e, as S p ai d e als o d es cri b e d [ 2 7 ], a r e pr o d u ci bl e q u a ntit ati v e a n al ysis of t h e c h ori o-

c a pill aris  w as g e n er all y p ossi bl e usi n g F S V i n  C S C R p ati e nts  wit h or  wit h o ut S R F.  T his is als o

i nt er esti n g b e c a us e diff er e nt a ut h ors s u c h as  T e ussi n k et al. d es cri b e d t h at t h e a b n or m al v as c u-

l at ur e i n t h e  C C l a y er p ersist e d e v e n aft er t h e r es ol uti o n of S R F [9 ]. I n t his r e g ar d,  R ei c h et al.

h a v e d es cri b e d t h at t h e pr es e n c e of S R F c o ul d b e a n i m p ort a nt s h a d o w- c a usi n g artif a ct s o ur c e

f or  C C  O C T A a n al ysis  w hi c h c a n b e  miti g at e d b ut n ot c o m pl et el y eli mi n at e d b y e m pl o yi n g

S S- O C T A, b ei n g t h e l att er e m pl o y e d i n t h e pr es e nt st u d y [ 3 1 ].

T his is t h e first st u d y ass essi n g t h e r e p e at a bilit y of t h e F S V q u a ntifi c ati o n i n t h e  C C a n d

c h or oi d i n  C S C R p ati e nts, b ot h i n cli ni c all y aff e ct e d a n d u n aff e ct e d e y es.  T h e cli ni c al r el e v a n c e

of t h es e fi n di n gs is t h at t his i nstr u m e nt c o ul d b e us ef ul t o r eli a bl y ass ess c h a n g es i n t h e

P L O S O N E R e p e at a bilit y of c h ori o c a pill ari s fl o w v oi d s b y  O C T A i n  C S C R
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p erf usi o n of t h e  C C a n d c h or oi d d uri n g f oll o w- u p or aft er diff er e nt tr e at m e nt a p pr o a c h es i n

cli ni c al r es e ar c h a n d pr a cti c e. F or e x a m pl e, a r e c e nt st u d y  wit h hi g h i nt er est  w as c arri e d o ut b y

H o et al. c o m p ari n g P D T v ers us  mi cr o p uls e l as er ( M L T) i n  C S C R p ati e nts [ 6 ], o bs er vi n g t h at

P D T h as a str o n g er eff e ct t h a n  M L T i n pr o m oti n g  C C fl o w d efi cit ar e a r e c o v er y.  Als o, t h e

s af et y a n d si d e eff e cts of diff er e nt tr e at m e nts a p pli e d o v er t h e  C C a n d c h or oi d s u c h as t h e P D T

a n d its r e c a n ali z ati o n [ 3 2 ] c o ul d b e r eli a bl y ass ess e d gi v e n t h at t h e a n al ysis of t h e F S V h as n o w

b e e n f o u n d t o b e r e pr o d u ci bl e.

O ur st u d y h as s e v er al li mit ati o ns,  m ai nl y i n h er e nt t o t h e  O C T A t e c h ni q u e. Firstl y, q u a ntifi-

c ati o n of t h e  C C e m pl o yi n g a n  O C T A d e vi c e is li mit e d b y t h e pr oj e cti o n art ef a ct of t h e r eti n al

a n d t h e  R P E s c att eri n g,  w hi c h  m a y aff e ct t h e a c c ur a c y of t h e  m e as ur e m e nts, e v e n  wit h t h e

d e vi c e’s pr oj e cti o n r e m o v al s oft w ar e [ 1 7 ]. S e c o n dl y,  m ulti pl e f a ct ors i n cl u di n g t h e  m et h o ds

us e d,  m oti o n artif a cts, i m a g e q u alit y or t h e d e vi c e t hr es h ol d f or t h e d et e cti o n of fl o w  m a y alt er

t h e a c c ur a c y a n d r e p e at a bilit y of  O C T A  m e as ur e m e nts s u c h as F S V [2 0 , 3 3 , 3 4 ]. I n a d diti o n,

w hil e  m ost a ut h ors a gr e e t h at  m e as ur e m e nts t a k e n  wit h t h e s a m e  O C T A  m a c hi n e a n d t e c h-

ni q u e ar e r e pr o d u ci bl e, t h er e is si g nifi c a nt v ari a bilit y b et w e e n diff er e nt d e vi c es a n d t e c h ni q u es

[1 6 , 2 9 ].  Als o, t h e o pti m al a n at o mi c al sl a b p ositi o n f or t h e  C C ass ess m e nt s h o ul d b e t h e or eti-

c all y s e g m e nt e d j ust b el o w t h e B M a n d e xt e n d t o t h e i n n er b or d er of t h e S attl er l a y er.  H o w-

e v er, t his c orr e ct s e g m e nt ati o n is c urr e ntl y still c h all e n gi n g [ 1 5 , 1 6 ].  A n h y p ot h eti c al

alt er n ati v e f or t h e a n al ysis of t h e  C C c o ul d b e t h e  m e as ur e m e nts fr o m S attl er’s l a y er b as e d o n

hist ol o g y.  H o w e v er, d efi ni n g t h e o ut er c h or oi d al v ess el l a y ers is n ot al w a ys cl e arl y d efi n e d. I n

f ut ur e st u di es, r efi ni n g t h e al g orit h ms e m pl o y e d b y t h es e d e vi c es  will i m pr o v e t h e r e pr o d u c-

i bilit y of t his t e c h n ol o g y f or t h e q u a ntifi c ati o n of F S V.

I n c o n cl usi o n, S S- O C T A off ers g o o d r e p e at a bilit y t o q u a ntif y  m a c ul ar F S V, b ot h i n  C S C R

e y es, e v e n  wit h t h e pr es e n c e of S R F, a n d f ell o w e y es. B ot h s e g m e nt ati o n sl a bs f or t h e  C C

s h o w e d g o o d r e pr o d u ci bilit y, b ei n g hi g h er f or t h e o ut er  C C.  C h or oi d al F S V h as als o g o o d
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v e s s el o c cl u si o n a n d r e c a n ali z ati o n aft er p h ot o d y n a mi c t h er a p y i n c e ntr al s er o u s c h ori or eti n o p at h y b y
O C T a n gi o gr a p h y.  E ur J  O p ht h al m ol. 2 0 2 1; 1 1 2 0 6 7 2 1 2 1 1 0 2 7 0 6 0. htt p s:// d oi. or g/ 1 0. 1 1 7 7/
1 1 2 0 6 7 2 1 2 1 1 0 2 7 0 6 0 P MI D: 3 4 1 5 9 8 1 7

3 3. D o n g J, Ji a  Y- D,  W u  Q,  Z h a n g  S, Ji a  Y,  H u a n g  D, et al. I nt er c h a n g e a bilit y a n d r eli a bilit y of  m a c ul ar p er-
f u si o n p ar a m et er  m e a s ur e m e nt s u si n g o pti c al c o h er e n c e t o m o gr a p h y a n gi o gr a p h y.  Br J  O p ht h al m ol.
2 0 1 7; 1 0 1: 1 5 4 2 – 1 5 4 9. htt p s:// d oi. or g/ 1 0. 1 1 3 6/ bj o p ht h al m ol- 2 0 1 6- 3 0 9 4 4 1 P MI D: 2 8 3 3 6 6 7 4

P L O S O N E R e p e at a bilit y of c h ori o c a pill ari s fl o w v oi d s b y  O C T A i n  C S C R

P L O S  O N E | htt p s:// d oi. or g/ 1 0. 1 3 7 1/j o ur n al. p o n e. 0 2 7 9 2 4 3 D e c e m b er 1 6, 2 0 2 2 1 3 / 1 4

https://doi.org/10.1016/j.ajo.2020.08.045
http://www.ncbi.nlm.nih.gov/pubmed/32891694
https://doi.org/10.1016/j.ajo.2020.05.027
http://www.ncbi.nlm.nih.gov/pubmed/32454035
https://doi.org/10.1111/ceo.13648
http://www.ncbi.nlm.nih.gov/pubmed/31574573
https://doi.org/10.1038/s41433-020-01217-y
http://www.ncbi.nlm.nih.gov/pubmed/33046831
https://doi.org/10.1016/j.ajo.2019.09.017
http://www.ncbi.nlm.nih.gov/pubmed/31562858
https://doi.org/10.1136/bjophthalmol-2016-308764
https://doi.org/10.1136/bjophthalmol-2016-308764
http://www.ncbi.nlm.nih.gov/pubmed/27450146
https://doi.org/10.1097/IAE.0000000000001407
https://doi.org/10.1097/IAE.0000000000001407
http://www.ncbi.nlm.nih.gov/pubmed/27930458
https://doi.org/10.1007/s00417-020-04716-6
https://doi.org/10.1007/s00417-020-04716-6
http://www.ncbi.nlm.nih.gov/pubmed/32367285
https://doi.org/10.1177/1120672119834472
http://www.ncbi.nlm.nih.gov/pubmed/30857418
https://doi.org/10.1167/iovs.17-22953
http://www.ncbi.nlm.nih.gov/pubmed/29340648
https://doi.org/10.1371/journal.pone.0227718
http://www.ncbi.nlm.nih.gov/pubmed/31929582
https://doi.org/10.1016/j.ajo.2016.07.023
https://doi.org/10.1016/j.ajo.2016.07.023
http://www.ncbi.nlm.nih.gov/pubmed/27496785
https://doi.org/10.1038/s41598-020-68204-x
http://www.ncbi.nlm.nih.gov/pubmed/32647298
https://doi.org/10.1007/s10792-019-01182-w
https://doi.org/10.1007/s10792-019-01182-w
http://www.ncbi.nlm.nih.gov/pubmed/31564048
https://doi.org/10.3390/vision5010003
http://www.ncbi.nlm.nih.gov/pubmed/33379161
https://doi.org/10.1007/s10792-020-01376-7
http://www.ncbi.nlm.nih.gov/pubmed/32333339
https://doi.org/10.1177/11206721211027060
https://doi.org/10.1177/11206721211027060
http://www.ncbi.nlm.nih.gov/pubmed/34159817
https://doi.org/10.1136/bjophthalmol-2016-309441
http://www.ncbi.nlm.nih.gov/pubmed/28336674
https://doi.org/10.1371/journal.pone.0279243


3 4. F e n n er  B J,  T a n  G S W,  T a n  A C S,  Y e o I Y S,  W o n g  T Y,  C h e u n g  G C M. I d e ntifi c ati o n of i m a gi n g f e at ur e s
t h at d et er mi n e q u alit y a n d r e p e at a bilit y of r eti n al c a pill ar y pl e x u s d e n sit y  m e a s ur e m e nt s i n  O C T a n gi o g-
r a p h y.  Br J  O p ht h al m ol. 2 0 1 8; 1 0 2: 5 0 9 – 5 1 4. htt p s:// d oi. or g/ 1 0. 1 1 3 6/ bj o p ht h al m ol- 2 0 1 7- 3 1 0 7 0 0 P MI D:
2 8 8 1 4 4 0 9

P L O S O N E R e p e at a bilit y of c h ori o c a pill ari s fl o w v oi d s b y  O C T A i n  C S C R

P L O S  O N E | htt p s:// d oi. or g/ 1 0. 1 3 7 1/j o ur n al. p o n e. 0 2 7 9 2 4 3 D e c e m b er 1 6, 2 0 2 2 1 4 / 1 4

https://doi.org/10.1136/bjophthalmol-2017-310700
http://www.ncbi.nlm.nih.gov/pubmed/28814409
https://doi.org/10.1371/journal.pone.0279243

