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Retinal nerve fiber layer thickness in amblyopia
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Purpose:	 To	 report	 retinal	 nerve	 fiber	 layer	 thickness	 (RNFLT)	 in	 eyes	with	 amblyopia	 compared	with	
contralateral	healthy	eyes.	Methods: In	this	cross-sectional	study,	we	included	patients	with	anisometropic	
amblyopia,	 strabismic	 amblyopia,	 and	mixed	 amblyopia.	All	 subjects	 underwent	 complete	 ophthalmic	
examination,	 including	 RNFLT	measurement	with	 time-domain	OCT	 (Stratus	OCT)	 and	 scanning	 laser	
polarimeter	 (GDX	 VCC).	 A	 paired	 “t”	 test	 was	 used	 to	 compare	 average	 and	 quadrant-wise	 RNFL	
thickness	between	the	amblyopic	and	contralateral	normal	eyes.	 In	addition,	an	analysis	of	variance	 test	
was	used	 to	 compare	various	RNFL	 thickness	parameters	between	 the	 three	groups.	Results: A total of 
33	 eyes	 of	 33	 subjects	with	 anisometropic	 amblyopia,	 20	 eyes	 of	 20	 subjects	with	 strabismic	 amblyopia,	
and	38	eyes	of	38	subjects	with	mixed	amblyopia	were	included.	In	the	anisometropic	amblyopia	group,	
the	average	RNFLT	in	the	amblyopic	eye	was	98.2	µm and 99.8 µm in the fellow normal eye (P	=	0.5),	the	
total	foveal	thickness	was	152.82	µm	(26.78)	in	the	anisometropic	eye	and	150.42	µm	(23.84)	in	the	fellow	
eye (P	 =	 0.38).	 The	 difference	 between	 amblyopic	 and	 contralateral	 normal	 eye	 for	 RNFL	 and	macular	
parameters	was	statistically	 insignificant	 in	all	 three	groups.	The	RNFL	thickness	 in	 four	quadrants	was	
similar	in	the	amblyopic	and	non-amblyopic	eye	between	all	three	groups	and	statistically	non-significant.	
Conclusion: Our	 study	 showed	 that	RNFL	 thickness	was	 similar	 in	amblyopic	and	non-amblyopic	 eyes	
between	all	three	amblyopia	groups.
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Amblyopia	 is	 defined	 as	 a	unilateral	 or	 bilateral	 decrease	
of	 best-corrected	 visual	 acuity	 (BCVA)	not	 attributable	 to	
structural	 or	 pathological	 ocular	 anomalies	 of	 the	 eyes	
and visual pathways.[1]	 It	occurs	 in	2%	to	4%	of	 the	general	
population.[1]	 Prior	 histological	 studies	 have	 established	
structural	 changes	 in	 the	 lateral	geniculate	body	 (LGB)	and	
visual	cortex	in	monkeys’	stimulus	deprivation,	anisometropic,	
and	 strabismic	 amblyopia.[2-12]	However,	 the	 effect	 of	 an	
amblyopic	stimulus	on	the	retinal	ganglion	cells	is	relatively	
less	well-reported,	 and	 limited	 studies	 suggest	 variable	
results.	Various	authors	found	no	difference	in	the	thickness	
of	the	retinal	nerve	fiber	layer	(RNFL)	between	amblyopic	and	
healthy eyes.[13-15]	In	contrast,	In	contrast,	Yen	et al.	and	Yoon	
et al.	reported	a	significant	difference	in	RNFL	thickness	in	eyes	
with	anisometropic	amblyopia	compared	with	normal	eyes.[16,17]

With	the	introduction	of	imaging	modalities	like	the	scanning	
laser	polarimetry	and	Optical	coherence	Tomography	(OCT),	it	

has	become	possible	to	objectively	quantify	the	peripapillary	
RNFLT	 (retinal	 nerve	 fiber	 layer	 thickness)	 and	macular	
thickness.	The	Stratus	OCT-3	(Carl	Zeiss	Meditec,	Dublin,	USA)	
provides in vitro,	high-resolution	images	of	RNFL	equivalent	
to	 10	µm	histological	 sections	 of	 the	 retina.[18]	 GDx	VCC	
(software	 version	 5.5;	 Carl	 Zeiss,	 San	Diego,	USA)	 is	 an	
improved	modified	version	of	scanning	laser	polarimeter	with	
variable	corneal	compensation	that	compensates	for	the	corneal	
birefringence.[19]

A	few	studies	have	measured	RNFLT	in	amblyopic	patients	
with	Scanning	 laser	polarimetry[13-14]	 or	OCT.[15,16] However, 
there	is	no	published	report	where	RNFLT	has	been	measured	
in	the	same	amblyopic	population	using	both	technologies	to	
the	best	of	our	knowledge.	Further,	in	the	current	study,	we	
tested	the	hypothesis	that	eyes	with	anisometropic	amblyopia	
have	an	 increased	RNFLT	and	macular	 thickness	compared	
with	the	normal	eye	using	the	scanning	laser	polarimetry	(GDx)	
and	Stratus	OCT.

Methods
The	study	was	conducted	on	consecutive	patients	diagnosed	
with	 amblyopia	 seen	 at	 our	 institute	 from	 July	 2004	 to	
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February	2006.	The	 institutional	ethics	 committee	approved	
the	study	protocol	and	the	methods	adhered	to	the	tenets	of	
the	declaration	of	Helsinki	for	the	use	of	human	subjects	 in	
biomedical	research.	Inclusion	criteria	were:	BCVA	≥20/20	in	
the	better	eye,	age	between	5	years	and	35	years,	intraocular	
pressure	 (IOP)	<22	mmHg	in	both	eyes,	clear	ocular	media,	
normal	fundus	examination,	and	unilateral	amblyopia	due	to	
strabismus,	anisometropia,	or	both.

We	 excluded	 subjects	with	 recent	 intraocular	 surgery	
within	 6	 months,	 bilateral	 (emmetropic)	 amblyopia,	
deprivation	amblyopia,	coexisting	nystagmus,	and	any	other	
coexisting	macular	or	retinal	pathology	that	could	affect	final	
BCVA.	We	also	excluded	patients	with	pathologies	that	could	
affect	the	RNFL	measurement	(like	cataract,	retinal/macular	
pathology,	glaucoma,	abnormal	discs/tilted	discs,	presence	of	
systemic	diseases,	or	neurological	disorders	producing	RNFL	
damage),	and	in	whom	OCT	images	had	a	quality	score	<8	(or	
signal	 to	 noise	 ratio,	 SNR	 <33)	 or	GDx	VCC	 images	with	
score	<8,	and	GDx	VCC	images	with	atypical	birefringence	
pattern	 (ABP).	We	 also	 excluded	 patients	 unwilling	 to	
participate	in	the	study.

Amblyopia	was	defined	as	reduction	in	the	BCVA	in	the	
affected	eye	atleast	 two	 lines	 attributable	 to	 anisometropia,	
strabismus,	or	both,	in	the	absence	of	abnormality	in	clinical	
examination.

Anisometropic	amblyopia	was	defined	as	decreased	BCVA	
secondary	to	uncorrected	refractive	error	without	strabismus	
with	a	difference	in	refractive	error	of	≥	2.0	DS	(Diopter	sphere)	
or	≥	1.50	D	difference	in	astigmatism	between	corresponding	
meridians in the two eyes.

Strabismic	 amblyopia	was	defined	 as	 decreased	BCVA	
secondary	to	manifest	horizontal	or	vertical	strabismus	with	
a	difference	 in	 the	 refractive	 error	 of	 ≤1.0	DS	or	 spherical	
equivalent	between	the	two	eyes.

Mixed	 amblyopia	 was	 defined	 as	 decreased	 BCVA	
secondary	 to	 uncorrected	 refractive	 error	 and	 strabismus	
with	a	difference	of	>2.0	DS	or	spherical	equivalent	between	
the two eyes.

Anisometropia	without	 amblyopia	was	 defined	 as	 a	
difference	in	refractive	error	of	>2.0	DS	or	spherical	equivalent	
between	the	two	eyes.	However,	the	difference	of	BCVA	was	<2	
lines	between	the	two	eyes.

We	 included	 patients	with	 anisometropic	 amblyopia,	
strabismic	amblyopia,	mixed	amblyopia,	and	anisometropia	
without	 amblyopia.	All	 patients	 underwent	 a	 complete	
ophthalmic	 examination, 	 including	 BCVA	 testing	
(Log	MAR	 chart),	 cover	 test,	 ocular	motility	 evaluation,	
measurement	of	ocular	deviation	using	the	prism	bar,	slit	lamp	
examination,	 applanation	 tonometry,	 optic	disc,	 and	RNFL	
examination	with	a	60D/78D/90D	 lens,	 fundus	examination	
with	indirect	ophthalmoscopy,	axial	length	measurement	with	
A-scan,	keratometry,	peripapillary	RNFL	measurement	with	
GDx	VCC	and	OCT	Stratus	3.

Peripapillary RNFL thickness measurement
Peripapillary	 RNFL	 and	macular	 RNFL	were	measured	
with	OCT	Stratus	3,	version	4	 (which	uses	 the	principles	of	
low-coherence	interferometry.[18]	The	fast	RNFL	algorithm	was	

used	to	obtain	RNFL	thickness	measurements.	Three	images	
were	 acquired	 from	each	 subject.	 Each	 image	 consisted	of	
256	A-scans	 along	a	 3.4-mm	diameter	 circular	 ring	around	
the	 optic	 disc.	 OCT	 images	were	 accepted	 if	 they	were	
focused,	optic	nerve	head	was	 centered,	 and	 image	quality	
score	was	 ≥8	 in	 both	 eyes.	 Peripapillary	RNFL	 thickness	
parameters	were	automatically	calculated	by	existing	Stratus	
OCT	software.	The	 following	parameters	were	evaluated	 in	
this	 study:	average	 thickness	 (360°	measurement),	 temporal	
quadrant	thickness	(316°	to	45°),	superior	quadrant	thickness	
(46°	to	135°),	nasal	quadrant	thickness	(136°	to	225°),	inferior	
quadrant	thickness	(226°	to	315°),	and	thickness	for	each	of	12	
clock-hour	positions.

GDx VCC (Scanning Laser Polarimetry)
All	patients	underwent	imaging	using	a	commercially	available	
scanning	laser	polarimeter	(GDx	VCC;	software	version	5.5;	
Carl	Zeiss,	 San	Diego,	USA).	 The	machine’s	principle	 has	
been	described	 in	 the	 literature.[19]	A	 baseline	 image	was	
automatically	 created	 from	 three	 images	obtained	 for	 each	
subject.	Images	were	accepted	if	they	were	focused,	had	the	
optic	 nerve	head	 centered,	 and	had	 an	 image	 score	 of	 ≥8.	
Based	on	the	retardation	map	pattern,	images	were	classified	
as	normal	birefringence	pattern	(NBP)	and	ABP.	NBP	images	
were	defined	as	retardation	maps	with	the	highest	retardation	
superiorly and inferiorly and low retardation nasally and 
temporally.	ABP	images	were	defined	as	retardation	maps	with	
alternating	peripapillary	circumferential	bands	of	low	and	high	
retardation	and	variable	areas	of	high	retardation	arranged	in	
a	 spoke-like	peripapillary	pattern	or	 splotchy	areas	of	high	
retardation nasally and temporally.[19]

The	GDx	VCC	software	 calculates	 summary	parameters	
based	on	quadrants	that	are	defined	as	temporal	(335°	to	24°),	
superior	(25°	to	144°),	nasal	(145°	to	214°),	or	inferior	(215°	to	334°).	
The	following	GDx	VCC	parameters	were	investigated:	TSNIT	
average,	TSNIT	standard	deviation,	superior	average,	inferior	
average, temporal average, and nasal average.

A	sample	 size	of	 at	 least	 20	 subjects	 in	 each	group	was	
required	 to	detect	 a	 difference	 of	 10	µ	 in	 average	RNFLT	
between	amblyopia	and	controls.	For	analysis,	the	normal	eye	
of	the	amblyopic	patient	served	as	a	control	eye.	The	paired	
t-test	was	used	 to	 compare	 peripapillary	RNFL	 thickness	
between	amblyopic	and	normal	eyes	in	each	group.	RNFLT	in	
the	three	amblyopic	groups	was	compared	using	the	analysis	
of	variance	test.	Tests	were	considered	statistically	significant	
at	a	cut-off	value	of P <	0.05.	Bonferroni’s	method	was	used	
for adjusting the P value	while	performing	multiple	statistical	
comparisons.[20]

Macular thickness measurements
Fast-Macular	Thickness	protocol	 of	 Stratus	OCT	was	used	
to	 obtain	macular	 thickness	measurements.	 The	 Stratus	
OCT	 software	 automatically	 calculated	macular	 thickness	
parameters	 (version	4).	Parameters	 compared	 in	 this	 study	
were	 foveal	 thickness,	 superior	 outer	macular	 thickness,	
inferior	 outer	macular	 thickness,	 temporal	 outer	macular	
thickness,	 nasal	 outer	macular	 thickness,	 superior	 inner	
macular	thickness,	inferior	inner	macular	thickness,	temporal	
inner	macular	thickness,	nasal	 inner	macular	thickness,	and	
average	macular	thickness.
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Results
Thirty-seven	 eyes	 (37	 patients)	 with	 anisometropic	
amblyopia,	22	eyes	(22	patients)	with	strabismic	amblyopia,	
40	 eyes	 (40	 patients)	 with	 mixed	 amblyopia,	 and	 9	
eyes	(9	patients)	with	anisometropia	without	amblyopia	were	
included.	Thirty-three	eyes	(33	patients)	with	anisometropic	
amblyopia,	20	eyes	(20	patients)	with	strabismic	amblyopia,	38	
eyes	(38	patients)	with	mixed	amblyopia,	and	9	eyes	(9	patients)	
with	anisometropia	without	amblyopia	fulfilled	study	criteria	
and	were	included	for	the	study.	Fig. 1	shows	the	flowchart	
of	inclusion	of	study	patients.	Table	1	shows	the	demographic	
features	of	patients	in	each	group.

Table	2	shows	the	comparison	of	peripapillary	parameters	
on	measurement	with	OCT-3	in	the	different	amblyopia	groups.	
Average	RNFL	thickness	in	anisometropic	amblyopia	(98.21	µ) 
and	 strabismic	 amblyopia	 (93.11	µ) was similar, and the 
difference	was	 statistically insignificant	 compared	with	 the	
fellow normal eyes (P	=	0.5	and	0.6,	respectively).	All	RNFL	
parameters	 in	 amblyopia	 groups	were	 not	 statistically	
significantly	different	from	the	normal	group.

Table	3	shows	the	comparison	of	peripapillary	parameters	
with	GDx	VCC	 in	 the	 different	 amblyopia	 groups.	 The	
difference	 between	 all	 the	 peripapillary	 parameters	 in	
strabismic	 amblyopia,	 anisometropic	 amblyopia,	 and	
mixed	amblyopia	compared	with	the	normal	group	was	not	
statistically	significant.

Table	4	shows	the	comparison	of	macular	RNFL	parameters	
measured	with	 stratus	OCT-3	 in	 the	 different	 amblyopia	

groups.	 The	 total	 foveal	 thickness	 in	 the	 anisometropic	
amblyopia	group	was	152.82	(standard	deviation,	SD:	26.78)	
µm	and	 150.42	 (SD:	 23.84µm) in the fellow eye (P	 =	 0.38).	
In	 the	mixed	 amblyopia	 group,	 the	 foveal	 thickness	was	
higher	 in	 the	 amblyopic	 eye	 compared	with	 the	 normal	
eye	(166.1	±	36.85	µm	vs	155.47	±	29.94	µm)	but	did	not	reach	
statistical	 significance	 (P	 =	 0.1,	 after	Bonferroni	 correction).	
Differences	between	all	 the	macular	parameters	with	OCT	
in	 strabismic	 amblyopia,	 anisometropic	 amblyopia,	 and	
mixed	amblyopia	compared	with	the	normal	group	were	not	
statistically	significant.

Discussion
Since	Hubel	 and	Wiesel’s	 pioneering	work,	 studies	 have	
shown	definite	 changes	 in	 the	visual	 cortex	and	LGB	areas	
that	 receive	 inputs	 from	 the	 amblyopic	 eye[4-7];	 however,	
changes	in	the	retinal	nerve	fiber	layer	have	always	remained	
speculative.	 It	 is	 proposed	 that	 there	 is	 a	 further	 arrest	 of	
apoptosis	in	amblyopic	eyes.	Hence,	retinal	nerve	fiber	layer	
thickness	 is	 likely	 to	be	higher.	However,	other	hypotheses	
suggest	 possible	 degenerative	 changes	 in	 these	 patients	
with	amblyopia.	A	histological	study	in	monkeys	could	not	
demonstrate	 any	 retinal	histological	 alterations	 even	 in	 the	
presence	 of	 pronounced	 arrest	 in	LGB	 cell	 growth;	 it	was	
proposed	that	parafoveal	ganglion	cell	alterations	occurring	
after a long period of visual deprivation are due to retrograde 
degeneration.[4] If the theory of retrograde degeneration in 
amblyopia	is	correct,	RNFLT	should	be	thinner;	if	amblyopia	
affects	the	postnatal	reduction	of	ganglion	cells,	RNFL	thickness	
may	be	thicker	than	in	the	normal	eye.[5]

	Using	 scanning	 laser	 polarimetry	 (GDx),	 Colen  et al. 
reported	 slightly	 higher	 but	 statistically	 nonsignificant	
differences	 in	RNFL	 thickness	 in	 normal	 eyes	 compared	
with	 20	 strabismic	 amblyopic	 eyes.[15]	Using	 scanning	 laser	
polarimetry	(GDx)	in	a	small	unilateral	strabismic	amblyopic	
group,	Baddini-Caramelli	 et al.	 	 also	 reported	no	 statistical	
difference	in	thickness	of	the	nerve	fiber	layer	in	amblyopic	
and normal eyes.[14]	 Bozkurt	 et al.[13]	 reported	no	difference	
in	RNFL	 thickness	 between	 the	 two	 eyes	 in	patients	with	
anisometropic	and	strabismic	amblyopia	using	scanning	laser	
polarimetry (GDx). Miki et al.	 also	 concluded	 that	 there	 is	
no	significant	change	in	the	RNFLT	in	amblyopic	eyes.	They	
proposed	that	visual	impairment	in	amblyopia	is	functional,	
and	no	organic	 changes	 can	be	attributed	 to	 these	patients.	
They	 further	 reported	 that	 the	RNFLT	of	amblyopic	eyes	 is	
comparable	to	normal	eyes.	Our	results	are	concordant	with	
these	published	results.	Sahin	et al.[17]	compared	RNFL	thickness	
between	anisometropic	patients	(divided	into	three	groups	as	
hyperopic,	myopic,	and	meridional/astigmatism)	and	normal	
fellow	eyes	 and	a	 control	group.	There	was	no	 statistically	
significant	 difference	 in	 RNFLT	 of	 superior	 and	 inferior	
quadrants.	They	 concluded	 that	 the	presence	of	 amblyopia	
seems	not	 to	be	 related	 to	RNFL-T.	We	have	also	obtained	
similar results in our study.

Yen	et al.[15]	measured	RNFLT	OCT	with	scan	pattern	“Nerve	
Head	2.0R”	(Carl	Zeiss	Meditec,	Dublin,	CA)	in	20	patients	with	
strabismic	amblyopia	and	18	with	anisometropic	amblyopia.	
They	 reported	higher	RNFLT	 than	 the	 normal	 fellow	 eye	
and	the	strabismus	amblyopia	group.	 In	contrast	with	 their	
study,	we	observed	 that	difference	 in	 average	RNFLT	was	

173 patients with Amblyopia screened 
 64 patients with anisometropic amblyopia
 39 patients with strabismic amblyopia
 58 patients with mixed amblyopia
 12 patients with anisometropia without amblyopia

108 patients fulfilled inclusion/ exclusion criteria
 37 patients with anisometropic amblyopia
 22 patients with strabismic amblyopia
 40 patients with mixed amblyopia
 9 patients with anisometropia without amblyopia

Excluded due to poor image
 4 patients with anisometropic amblyopia
 2 patients with strabismic amblyopia
 2 patients with mixed amblyopia

100 patients Included 
 33 patients with anisometropic amblyopia
 20 patients with strabismic amblyopia
 38 patients with mixed amblyopia
 09 patients with anisometropia without amblyopia

Figure 1: Flowchart of inclusion of study patients
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not	 statistically	 different	 from	normal	 eyes,	 even	 though	
RNFL	 thickness	was	 slightly	 thicker	 than	 in	 the	 strabismic	
amblyopia	group.	This	difference	could	be	due	to	differences	
in	methodology	between	our	group	and	in	Yen et al.’s group. 
At	least	7	of	20	subjects	with	strabismic	amblyopia	group	also	
had	anisometropia	 in	Yen et al.’s group. We had a rigorous 
definition	of	the	three	groups	in	our	group,	and	subjects	with	
both	 anisometropia	 and	 strabismus	were	 labeled	as	mixed	
amblyopia.	 It	 is	 possible	 that	 patient	 selection	with	 both	
strabismus	and	anisometropia	could	have	affected	the	results	
in	the	study	by	Yen	et al.

Yoon	et al.[16]	measured	both	peripapillary	and	macular	RNFL	
thickness	with	OCT	in	31	patients	with	aniso-hypermetropic	
amblyopia.	 They	 reported	 thicker	 peripapillary	RNFL	 in	
anisometropic	 amblyopic	 eyes	 compared	with	normal	 eyes.	
High	hypermetropia	may	have	thicker	RNFL	due	to	the	small	
size	of	 the	eye,	and	 the	apparent	higher	 thickness	of	RNFL	
may	be	due	to	this	anatomical	change	in	the	eye	rather	than	
the	effect	of	amblyopia.	Unfortunately,	we	had	included	both	
hypermetropic	and	myopic	anisometropia	and	could	not	obtain	
such	results.

Andalib	et al.[21]	compared	the	macular	and	retinal	nerve	fiber	
layer	thicknesses	measured	by	OCT	in	amblyopic	and	fellow	
eyes.	In	the	anisometropic	group,	mean	macular	thickness	was	
significantly	increased	in	the	amblyopic	eyes	compared	with	
fellow	eyes,	 but	peripapillary	RNFLT	values	were	 similar.	
There	was	no	significant	difference	 in	 the	strabismic	group.	
They	concluded	that	a	thicker	macula	was	found	in	eyes	with	
anisometropic	amblyopia.	However,	when	we	reanalyzed	the	
data	using	Bonferroni	correction	for	multiple	comparisons,	the	
difference	was	not	statistically	significant	(P	=	0.2).	We	obtained	
non-significant	differences	between	 the	 amblyopic	 and	 the	
normal	fellow	eye	in	anisometropic	amblyopia.

Singh et al.[22]	 studied	 the	difference	 in	 central	macular	
thickness	 (CMT)	 and	 peripapillary	 retinal	 nerve	 fiber	
layer	 (RNFL)	 thickness	 in	 patients	with	 anisometropic	
amblyopia	using	SD-OCT.	There	was	no	significant	difference	
in	 the	CMT	of	 the	 better	 and	worse	 eyes	 in	 anisomyopia,	
anisohypermetropia,	or	anisoastigmatism.	They	concluded	that	
there	was	no	significant	difference	in	CMT	and	peripapillary	
RNFL	 thickness	 in	 anisomyopia	 and	 anisoastigmatism.	
However,	they	observed	that	the	inferior	quadrant	RNFL	was	
significantly	 thicker	as	 in	patients	with	anisohypermetropia	
compared	with	 the	 fellow	 eye.	However,	 if	we	 adjust	 for	
multiple	comparisons	in	their	study	using	Bonferroni	correction,	
this	difference	was	not	statistically	significant	(P	=	0.06).

Kasem et al.[23]	 investigated	 the	 changes	 in	macular	
parameters	 (thickness,	 volume)	 and	peripapillary	 retinal	
nerve	fiber	layer	(RNFL)	thickness	(RNFLT)	in	different	cases	
of	amblyopia	versus	the	healthy	fellow	eyes	using	OCT.	There	
were	 significant	 differences	 in	mean	CMT,	mean	 average	
macular	 thickness,	mean	macular	 volume,	 and	 the	mean	
global	RNFLT	in	the	amblyopic	eyes	versus	the	fellow	eyes.	
Age	 and	axial	 length	were	 the	only	 independent	variables	
that	statistically	significantly	correlated	with	the	CMT.	They	
concluded	that	unilateral	amblyopic	eyes	were	prone	to	have	
a	 higher	CMT	and	 thicker	 global	RNFL	 than	 those	 of	 the	
healthy	fellow	eyes.	However,	we	could	not	find	any	significant	
difference	in	the	amblyopia	group.Ta
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Table 5: Compares various published reports of RNFL and macular parameters in amblyopia groups

Author Types of patients (with 
sample size)

Machine RNFL 
parameters

Macular 
parameters

Specific comments

Colen et al.[14] strabismic amblyopia (20 eyes) GDx Statistically 
non‑significant

Not measured

Baddini‑Caramelli 
et al.[12]

strabismic amblyopia (21 eyes) GDx Statistically 
non‑significant

Not measured

Bozkurt et al.[13] Anisometropic (18), two 
strabismic (2), and mixed (4) 
amblyopic eyes

GDx Statistically 
non‑significant

Not measured

Miki et al.[26] Persistent unilateral amblyopia 
(26 patients) and recovered 
unilateral amblyopia 
(25 patients)

Stratus 
OCT

Statistically 
non‑significant

Not measured No significant difference in the 
RNFLT between the persistently 
amblyopic eyes and the 
previously amblyopic eyes

Sahin G[17] Anisometropic amblyopia 
(74 eyes)

Stratus 
OCT

Statistically 
non‑significant

Not measured

Yen et al.[15] Strabismic amblyopia (20 eyes) 
& Anisometropic amblyopia 
(19 eyes)

Stratus 
OCT

Thicker 
RNFLT in 
Anisometropic 
amblyopia

Not measured 7 of 20 subjects with strabismic 
amblyopia group had 
anisometropia 

Yoon et al.[16] aniso‑hypermetropic 
amblyopia (31 eyes)

Stratus 
OCT

Thicker 
RNFLT

Statistically 
non‑significant

Thicker RNFL due to the 
small size of the eye, and the 
apparent higher thickness 
of RNFL may be due to this 
anatomical change

Andalib et al.[21] Anisometropic amblyopia 
(25 eyes) andstrabismic 
amblyopia (25 eyes) 

OCT No difference Thick macular 
parameters in 
anisometropic 
amblyopia eyes

Adjusting for the multiple 
parameters, using Bonferroni 
correction, no statistical 
significance 

Singh et al.[22] myopic anisometropia (31 eyes), 
astigmatic anisometropia 
(28 eyes), hypermetropic 
anisometropia (42 eyes)

SD‑OCT No difference No difference

Kasem et al.[23] Strabismic (22 eyes), 
anisometropic (30 eyes), 
deprivational amblyopia 
(12 eyes)

OCT Thicker global 
RNFL

Higher CMT

Chen et al.[24] Anisometropic amblyopia 
(53 eyes), and fully corrected 
previous amblyopia (26 eyes)

SD‑OCT Thick RNFL 
in eyes with 
anisometropic 
amblyopia

Thick average 
thickness of outer 
macular ring in 
amblyopic eye

Adjusting for axial length and 
refractive error, no statistically 
significant difference 

Araki et al.[25] Strabismic (15 eyes), 
anisometropic amblyopia 
(31 eyes)

SD‑OCT No difference No difference

Kavitha et al.[41] Anisometropic amblyopia (30 
eyes)

SD‑OCT No difference Thicker CMT, 
decreased in 
follow up after 
amblyopia therapy

There was no difference in 
RNFLT between amblyopic eyes 
and normal fellow eyes before 
and after occlusion therapy

Atakan et al.[44] Strabismic (30 eyes), 
anisometropic amblyopia 
(31 eyes)

SD‑OCT No difference No difference TMT in strabismic group 
was thinner compared to 
anisometropic group but was 
not different compared to fellow 
normal eyes

Rajavi Z[45] anisometropic amblyopia 
(44 eyes)

SD‑OCT No difference No difference Statistically significant thicker 
CMT in moderate to severe 
amblyopia

AL‑Haddad 
et al.[46]

Anisometropic (31 eyes), 
strabismic (14 eyes) and mixed 
amblyopia, 20 eyes had mixed 
amblyopia

SD‑OCT No difference No difference
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Using	SD-OCT,	Chen	et al.[24]	 compared	 the	macular	and	
RNFL	 thickness	 in	 children	with	anisometropic	 amblyopia.	
They	 reported	 that	 the	 average	 thickness	 of	 the	 outer	
macular	 ring	 and	RNFL	were	 significantly	 thicker	 in	 eyes	
with	anisometropic	amblyopia	than	those	with	emmetropia.	
However,	following	adjustment	for	axial	length	and	refractive	
error,	 this	difference	was	not	 significant.	 Furthermore,	 the	
macular	parameters	were	not	different	between	treated	and	
untreated	amblyopic	eyes	in	their	group.	They	concluded	that	
macular	and	RNFL	thicknesses	appear	to	be	more	extensively	
associated	with	differences	in	axial	length	and	refraction	than	
with	amblyopic	development.

Araki et al.[25]	 investigated	macular	 retinal	 and	 choroidal	
thickness	in	eyes	with	anisometropia	and	strabismus	compared	
with	 that	 in	 fellow	 and	 normal	 eyes	 using	 swept-source	
OCT	(SS-OCT).	In	both	amblyopia	groups	(anisohypermetropic	
amblyopia	and	strabismic	amblyopia	without	anisometropia),	
there	were	no	significant	differences	in	the	mRNFL,	GCL	+	IPL,	
and	GCC	 thicknesses	 among	 the	 amblyopic,	 fellow,	 and	
control	eyes.	In	the	anisometropic	amblyopia	group,	choroidal	
thicknesses	of	amblyopic	eyes	were	significantly	higher	than	
that	 of	 fellow	and	normal	 eyes.	 In	 contrast,	 the	 choroidal	
thicknesses	were	not	significantly	different	in	the	strabismic	
amblyopia	 group.	They	 concluded	 that	 the	discrepancy	 in	
choroidal	 thickness	 between	 the	 two	 types	 of	 amblyopia	
might	be	due	to	differences	in	ocular	size	and	the	underlying	
mechanism.	We	 did	 not	 find	 any	 difference	 in	 RNFLT;	
however,	we	did	not	measure	the	choroidal	thickness.	Various	
other	 authors	have	 also	 reported	no	difference	 in	macular	
or	 peripapillary	RNFL	 thickness	 in	 amblyopic	 eyes	 than	
contralateral	normal	eyes.[26-40]

Recently,	Kavitha	et al.[41]	investigated	the	effects	of	occlusion	
therapy	 in	unilateral	 anisometropic	 amblyopia	on	macular,	
foveal,	and	retinal	nerve	fiber	layer	thickness	using	OCT.	The	
study	showed	a	reduction	in	the	average	macular	and	foveal	
thickness	of	amblyopic	eyes	 following	compliant	amblyopia	
therapy	but	no	significant	change	in	the	age-matched	controls.	
In	addition,	there	was	no	statistically	significant	change	in	the	
overall	RNFL	thickness.	As	we	have	not	collected	post-occlusion	
therapy	data,	we	cannot	comment	on	such	changes	in	our	group.	
However,	we	did	not	find	any	baseline	difference	between	
macular	parameters	in	any	amblyopia	group.

Table	5	compares	published	literature	for	various	amblyopia	
groups	using	different	imaging	technologies.	It	shows	that	there	
is	no	 consensus	among	various	 studies.	For	 example,	 some	
studies	show	thick	RNFLT,	while	some	show	thick	macular	
parameters	 in	 anisometropic	 eyes	 compared	with	 fellow	

eyes.	At	the	same	time,	significant	published	reports	failed	to	
show	the	difference	(either	RNFL	or	macular	parameters)	in	
amblyopic	eyes.

Our	study	has	a	few	limitations.	RNFL	data	was	collected	
on	Stratus	OCT	(time-based)	instead	of	spectral-domain	OCT.	
However,	various	publications	have	compared	Time-domain	
OCT	versus	Spectral-domain	OCT,	which	suggests	differences	
in	RNFL	 thickness	between	 two	machines	but	 the	excellent	
correlation	in	all	parameters.[42,43]

Conclusion
As	reported	in	prior	literature,	we	did	not	observe	differences	in	
peripapillary	RNFLT	in	anisometropic	amblyopia	than	normal	
eyes.	Therefore,	our	finding	may	 suggest	 that	no	 structural	
abnormalities	are	detected	in	RNFL	and	macular	thickness	in	
amblyopic	eyes,	and	the	cause	for	visual	impairment	in	these	
patients	is	likely	functional.
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