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Integrating binocular vision assessment in refractive surgery work-up: 
Proposition and protocol
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Refractive	surgeries	are	one	of	most	commonly	performed	surgeries	for	correcting	visual	impairment	due	
to	refractive	errors.	With	the	increase	in	demand	for	refractive	surgeries,	there	is	an	enormous	strain	on	the	
operating	surgeon	for	delivering	ideal	outcomes	i.e	20/20	visual	acuity.	Regression,	under-correction	and	
ectasia	are	the	most	dreaded	complications	post-refractive	correction,	for	the	surgeon	as	well	as	the	patient.	
They	have	significant	effects	on	the	quantity	of	 the	vision	and	most	 importantly	on	the	quality	of	 life	of	
the	patient.	With	the	advent	of	digital	era	and	jobs	requiring	the	eyes	being	glued	to	the	screen	for	hours	
there	has	been	a	surge	in	the	patients	presenting	with	complaints	of	asthenopia,	glare,	halos,	and	difficulty	
in	 focusing;	 pointing	 towards	diagnosis	 of	 non-strabismic	 binocular	 vision	 anomalies	 (NSBVA).	NSBVA	
in	 a	postrefractive	 surgery	patient	may	masquerade	 as	 regression	or	under-correction.	However,	 timely	
diagnosis	of	NSBVA	in	such	patients	would	prevent	 the	greater	harm	caused	by	wrongful	re-correction.	
Home-	and	office-based	vision	therapy	results	in	improvement	in	visual	acuity	in	a	large	majority	of	these	
patients.	This	preferred	practice	pattern	intends	to	guide	the	refractive	surgeons	to	diagnose	and	treat	the	
postrefractive	 surgery	NSBVA	 following	 a	 case-based	 and	 algorithmic	 approach.	 It	 also	 emphasizes	 the	
inclusion	of	the	binocular	vision	assessment	as	a	part	of	the	pre-operative	workup	for	patients	undergoing	
refractive	procedures.
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Uncorrected	refractive	error	(URE)	is	defined	as	a	uncorrected	
visual	acuity	(UCVA)	of	less	than	6/12	in	the	better	eye	with	best	
corrected	refractive	error	of	6/6	on	the	Snellen’s	chart.[1] They 
are	the	leading	cause	for	moderate	to	severe	visual	morbidity	
worldwide.[1,2]	India	and	China	contribute	to	the	50%	of	global	
vision	 impairment	 and	blindness	 attributable	 to	URE.[1,3] A 
systematic	review	by	Sheeladevi	S	et al.	reported	a	53%	prevalence	
of	at	 least	0.50	D	of	 spherical	equivalent	ametropia	 (myopia	
27.7%,	hyperopia	22.9%)	in	India.[4]	With	the	growing	impact	of	
URE	on	ocular	morbidity	there	has	been	an	increase	in	demand	
for	refractive	surgery.	The	Global	demand	for	refractive	surgery	
is	growing	at	 an	annual	 rate	of	 5.2%.	 4.3	million	 refractive	
surgeries	were	performed	in	2018	and	the	number	is	expected	
to	increase	to	5.5	million	by	the	year	2023.[5]

Photorefractive	 keratectomy	 (PRK)	 and	 Laser-in-situ	
keratomileusis	 (LASIK)	which	make	use	 of	 excimer	 laser	
have	 revolutionized	 the	field	of	 corneal	 refractive	 surgery.	
Refractive	lenticule	extraction	(ReLEx)	of	intracorneal	tissue,	
using	a	femtosecond	laser	led	to	the	development	of	2	novel	
refractive	 surgeries-	 the	ReLEx	flex	 (FLEX)	 and	 the	ReLEx	
smile	 (SMILE).	 Implantable	 collamer	 lens	 implantation	 is	
another	refractive	procedure	particularly	in	high	myopes	who	

are	not	the	ideal	candidates	for	LASIK	or	PRK.	PresbyLASIK	
and	monovision	LASIK	 are	 the	 refractive	 procedures	 for	
correction	of	presbyopia.	The	 early	postoperative	 recovery,	
excellent	refractive	outcomes,	freedom	from	contact	lens	and	
spectacles	are	responsible	for	high	levels	of	patient	satisfaction	
and	improvements	in	quality	of	life	post-refractive	surgery.[6] 
Regression	 is	defined	as	a	 recurrence	of	 the	 refractive	error	
following	 refractive	 correction.[7]	 It	 has	 significant	 effects	
on	patient	 satisfaction	posing	 a	 challenge	 to	 the	 surgeon.	
Regression	post	LASIK	has	been	reported	to	range	from	5.5	
to	 27.7%.[8,9]	Retreatment	 requirement	post	PRK	 regression	
correction	ranged	3.8%	to	20.8%.[10,11]	The	exact	mechanism	that	
leads to regression remains unknown.

Patients	presenting	post-refractive	surgery	with	complaints	
of	diminution	of	vision,	glare,	halos,	difficulty	 in	 focusing,	
headache	 and	 other	 asthenopic	 symptoms	 pose	 a	major	
challenge	 to	 the	 refractive	 clinician.	A	proportion	of	 these	
can	 be	 attributed	 to	 accommodative	 dysfunctions	 and	
non-strabismic	binocular	visual	 anomalies	 (NSBVA)	arising	
due	 to	 increase	 in	 the	visual	demand	due	 to	 increasing	use	
of	 computers	 and	 other	 screen-based	 devices	 leading	 to	
over-exertion	 of	 accommodation	 and	 convergence.	Adult	
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Table 1: Classification of NSBVA

Vergence disorders Accommodative anomalies

Convergence Insufficiency (CI) Accommodative Insufficiency (AI)

Convergence Excess (CE) Accommodative Excess (AE)

Divergence Insufficiency (DI) Accommodative Infacility (AIF)

Divergence Excess (DE), Ill sustained accommodation

Basic Esophoria (BES), 

Basic Exophoria (BEX), 

Fusional Vergence 
Dysfunctions (FVD)
Vertical Deviation

NSBVA	is	an	important	differential	diagnosis	to	be	considered	
in	 a	 post-refractive	 surgery	 unhappy	patient,	 presenting	
with	 regression	 or	 other	 symptoms.	With	 the	 improved	
understanding	that	management	in	refractive	surgeries	is	not	
only	limited	to	corneal	contour	reshaping	procedures,	more	
efforts	are	being	put	 forth	to	evaluate	 the	subtle	or	obvious	
binocular	vision	imbalance	that	surface	after	the	procedure.[12]

The	prevalence	of	NSBVA	in	the	urban	and	rural	population	
was	 31.5%	 and	 29.6%	 according	 to	 the	 BAND	 study.[13] 
Magdalene et al.	in	their	study	conducted	in	North-east	India	
reported	the	prevalence	of	NSBVA	as	67.35%	in	the	age	group	
of	21-30	years	and	50%	in	the	age	group	of	31-40	years.[14] This 
age	group	does	but	obviously	overlap	with	the	patients	seeking	
refractive	surgeries.	However,	there	is	still	a	lacuna	in	the	current	
literature	 regarding	 the	 true	prevalence	of	 accommodative	
and	NSBVA	which	 remains	 largely	 unknown.[15] Patients 
complaining	of	blurring	of	vision,	difficulty	in	focusing,	glare	
and	haloes	following	refractive	surgery	may	have	undiagnosed	
binocular	vision	anomaly	(BVA)	of	which	convergence	related	
anomaly	was	seen	in	83%	of	cases.[16]	Accommodative	lag	has	
also	been	reported	post	SMILE	for	moderate	to	high	myopia	
correction.[17]

The	success	of	the	refractive	correction	is	primarily	measured	
by	means	of	the	optimal	results	achieved	and	satisfaction	of	
the patient[18]	and	hence	in	response	to	this	risk	and	accepting	
the	fact	that	the	current	preoperative	evaluation	for	refractive	
procedures	is	not	fool	proof,	this	review	emphasizes	on	BVA	
in	 cases	presenting	with	 regression,	glare,	haloes	and	other	
asthenopic	symptoms.	It	will	guide	the	clinician	by	giving	a	
step	wise	approach	to	diagnosis	and	management	of	NSBVA,	
thus	preventing	 them	 from	causing	 any	potential	 harm	of	
attempting	a	re-correction	in	such	patients	and	in	incorporating	
the	BVA	in	patients	seeking	any	refractive	procedure	making	
their	pre-operative	screening	more	robust	when	necessary.

When and How to Consider NSBVA Work 
Up?
Post refractive surgery NSBVA work-up
All	patients,	presenting	with	asthenopia,	blurring	of	vision	and	
glare	post-refractive	surgery	who	show	no	evidence	of	ectasia	
on	topography,	no	increase	in	the	axial	 length,	and	absence	
of	dysfunctional	 lens	 index/dry	 eye	 should	be	 subjected	 to	
BVA	before	making	a	diagnosis	of	regression	and	planning	a	
re-correction.

They	should	be	subjected	to	a	complete	ophthalmic	evaluation	
including:
•	 Visual	acuity
•	 Objective	and	subjective	refraction
•	 Slit	lamp	examination
•	 Anterior	segment	examination
•	 Posterior	segment	examination.

In	 cases	 of	 asthenopia,	 a	 post-mydriatic	 test	 and	 a	
comprehensive	orthoptic	 evaluation	 including	 the	BVA	 for	
diagnosis	of	NSBVA	 [Fig.	 1]	 should	be	performed	after	 the	
third day.

Pre-refractive surgery NSBVA work-up
Because	 the	majority	of	 the	young	population	 today	have	a	
work	profile	mandating	the	use	of	computer,	cell	phones,	or	

other	visual	display	devices	 for	 long	hours.	This	 results	 in	
prolonged	use	of	near	and	intermediate	visual	activity.	Hence,	
a	large	number	of	young	adults	are	being	diagnosed	with	BVA	
leading	to	ocular	discomfort.[19]

It	 should	alarm	 the	 refractive	 surgeon	 that	 these	are	 the	
kind	of	individuals	who	exactly	fit	the	demographic	profile	of	
patients	seeking	a	refractive	correction	as	well.	Subsequently,	
one	can	include	the	basic	examination	such	as	the:
•	 Near	point	of	convergence	(NPC)
•	 Near	point	of	accommodation	(NPA)
•	 Dominant	eye
•	 Cover	test	to	look	for	phorias
•	 Dilated	refraction.

Based	on	the	history	these	examinations	should	be	added	to	
the	routine	refractive	surgerywork-up	especially	in	cases	of	low	
myopes.	In	cases	with	abnormal	NPA,	NPC	or	large	phorias	a	
detailed	BVA	should	be	carried	out	for	diagnosis	of	the	NSBVA	
as outlined in Fig.	2.	Refractive	surgery	can	be	planned	after	
completion	of	the	vision	therapy	based	on	the	diagnosis.	The	
patients	should	be	counseled	in	detail	regarding	the	possibility	
of	need	for	vision	therapy	post-surgery	as	well.

Types of NSBVA and their Management
Types	of	NSBVA	and	their	management	 is	described	below	
with	flowcharts	 and	 case	 scenarios	 [Figs.	 2-8].[20,21]	NSBVA	
consist	 of	 accommodative	 and	vergence	disorders	Table 1.	
Table 2	lists	the	terms	used	and	Table	3	shows	the	cut-off	values	
for	the	cover	test	and	AC/A	ratio.[21]	Table	4	lists	the	expected	
values	of	binocular	single	vision	assessment[21]	Table	5	provides	
a	list	of	direct	and	indirect	tests	performed	for	the	diagnosis	
of	NSBVA/.[21]

Case 1
A	22-year-old-female	who	underwent	an	uneventful	LASIK	
surgery	 presented	with	 chief	 complaints	 of	 difficulty	 in	
focusing	and	glare	18	months	post	LASIK.	Her	preoperative	
refractive	error	was	–5DS/–1.25DCx	170	degrees	in	the	right	
eye	(OD),	6/6;	N6	and	–5.25DS/–1.00	DC	×	10	degrees	in	the	
left	eye	(OS)	6/6;	N6.	Her	pre-operative	NPA	and	NPC	with	
glasses	were	 7	 cm	and	6	 cm,	 respectively.	Duochrome	 test	
was	balanced	for	both	eyes.	Stereopsis	was	tested	using	the	
Titmus	fly	test	was	normal.	Pre-operatively	her	topography	
showed	with	the	rule	astigmatism	with	no	evidence	of	ectasia.	
Cycloplegic	 refraction	was	performed	preoperatively.	 She	
underwent	uneventful	refractive	surgery	and	post-operatively	
her	UCVA	was	 6/6	with	 plano	 in	 both	 eyes.	Her	 corneal	
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Table 2: Terms used in orthoptic evaluation

ABBREVIATIONS FULL FORM  UNIT

NPC Near Point Of Convergence Cm
NPA Near Point Of Accommodation Cm
AA Amplitude Of Accommodation Dioptres
NRA Negative Relative Accommodation Dioptres
PRA Positive Relative Accommodation Dioptres
NFV Negative Fusion Vergence (Divergence) Prism Dioptres
PFV Positive Fusional Vergence (Convergence) Prism Dioptres
MEM Monocular Estimation Method Of Dynamic Retinoscopy Dioptres
AFB Accommodative facility binocular Cycles/minute
BO Base out Prism Dioptres
BI Base in Prism Dioptres
AC/A Accommodation convergence/accommodation Ratio

Figure 1: Flowchart summarizing diagnosis of various NSBVA

Figure 2: Flowchart orthoptic evaluation data groups
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Figure 3: Flowchart showing algorithmic approach to diagnosis and management of accommodative excess
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Figure 4: Flowchart showing algorithmic approach to diagnosis and management of accommodative insufficiency
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Figure 5: Flowchart showing algorithmic approach to diagnosis and management of divergence excess (a) and divergence insufficiency (b)

ba

topography	 showed	no	 evidence	of	 ectasia.	 She	was	 an	 IT	
professional	with	9	hours	of	screen	time	per	day.	On	evaluation	
at	18	months	postrefractive	surgery	her	vision	was	6/12	in	both	
eyes	 improving	 to	6/6	with	–1.25	DS	OD	and	–0.75	DS	OS.	
She	was	advised	cycloplegic	refraction	and	BVA.	Cycloplegic	
refraction	revealed	emmetropia	with	no	significant	refractive	
error.	However,	 orthoptic	 evaluation	 showed	high	positive	
relative	accommodation	(PRA)	of-3.5D,	low	negative	relative	
accommodation	 (NRA)	of	 +	 1.5	D	 and	difficulty	with	plus	
lenses	 on	 accommodative	 facility.	Monocular	 estimation	
method	(MEM)	retinoscopy	finding	was	–0.5D,	suggestive	of	a	
lead	of	accommodation.	Thus,	the	above	findings	suggest	that	
patient	had	an	accommodative	excess.	The	patient	was	advised	
to	 reduce	 screen-time	and	 follow	visual	hygiene	practices.	
With	vision	therapy	as	outlined	in	the	flowchart	[Fig. 3]	her	
symptoms	 resolved,	 and	unaided	vision	 returned	 to	 6/6	 in	
both	eyes	in	8	weeks.

Note:	Accommodative	excess	 can	be	an	 important	 cause	
of	 post-refractive	 surgerypseudo-regression.	 Cycloplegic	
refraction	and	detailed	orthoptic	 evaluation	can	help	 clinch	
the diagnosis and administer treatment on time.

Vision	therapy	is	preferred	over	the	use	of	cycloplegics	in	
the	treatment	of	accommodative	excess	to	keep	accommodation	
flexible.	However,	in	resistant	cases,	cycloplegics	must	be	used	
initially	and	gradually	tapered	off.

Case 2
27-year-old-male	 visited	 the	 refractive	 clinic	 1	 year	 after	
uneventful	Trans-epithelial	PRK	(Trans-PRK)	with	complaints	
of	blurring	of	vision	after	prolonged	screen	use	or	reading	
and	 halos.	 The	 patient	 had	difficulty	with	 near	 activities	
and	 complained	 of	 discomfort	 and	 eyestrain	 associated	
with	 reading.	His	pre-operative	 refractive	 error	was	 –3.00	
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Figure 6: Flowchart showing algorithmic approach to diagnosis and management of fusional vergence dysfunction



2842	 Indian Journal of Ophthalmology	 Volume	68	Issue	12

Figure 7: Flowchart showing algorithmic approach to diagnosis and management of accommodative infacility
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Figure 8: Flowchart showing algorithmic approach to diagnosis and management of convergence excess (a) and convergence insufficiency (b).

ba

DS	(OD)	and	–2.75	DS	(OS).	Pre-operatively,	he	underwent	
cycloplegic	 refraction	 and	orthoptic	 evaluation	 (including	
NPA,	NPC	and	duochrome	balance	 test	with	glasses)	was	
within normal limits. Stereopsis tested using the Titmus 
fly	 test	was	within	 normal	 limits	OU.	His	 pre-operative	
corneal	topography	showed	a	thinnest	corneal	thickness	of	
486	microns	in	both	eyes	(OU)	so	Trans-	PRK	was	planned.	
On	examination,	his	UCVA	in	OD	was	6/9P	and	OS	was	6/6P	

whereas	the	BCVA	OU	was	6/6	with	+1.0DS	OD	and	+0.75	
DC	OS.	Near	vision	was	6/6	but	the	patient	complained	of	
intermittent	blurring	while	reading.	On	orthoptic	evaluation	
patient	had	a	receded	NPA	(16	cm),	reduced	amplitude	of	
accommodation	for	age,	low	PRA	-1.25	D,	high	NRA	of	+3D.	
MEM	retinoscopy	revealed	a	lag	of	accommodation	(+2D).	
Thus,	 the	 patient	was	 diagnosed	with	 accommodative	
insufficiency	and	underwent	vision	therapy.	After	12	weeks	
of vision therapy [Fig.	4],	his	UCVA	in	both	eyes	was	6/4.5.	
There	was	a	significant	improvement	in	symptoms	as	well	
as	accommodative	amplitude.

Case 3
A	29-year-old-man	reported	to	our	clinic	with	chief	complaints	
of	starburst	appearance,	glare	and	halos	8	months	post	successful	
SMILE	surgery.	He	also	complained	of	 intermittent	blurring	
with	occasional	doubling	and	difficulty	with	driving	at	night.	
His	preoperative	BCVA	was	6/6	with	 -4.5DS	OU.	His	corneal	
topography	showed	no	evidence	of	ectatic	corneal	disorders. 
	Pre-operative	cycloplegic	refraction	was	performed	and	orthoptic	
evaluation	(including	NPA,	NPC	and	duochrome	balance	test	

Table 3: Table of cut off values for cover test and AC/A 
ratio
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with	glasses)	was	normal.	Stereopsis	was	tested	using	the	Titmus	
fly	test	was	normal.	Post-operatively,	on	visual	acuity	testing	with	
Snellen’s	chart	his	UCVA	was	6/6.	Aberrometry	and	topography	
were	within	normal	limits.	Cycloplegic	refraction	and	orthoptic	
evaluation	were	 repeated.	Cycloplegic	 refraction	revealed	no	
significant	refractive	error.	On	orthoptic	evaluation	patient	had	
an	exophoria	for	near	and	intermittent	exodeviation	for	distance.	
Exodeviation	for	distance	was	20	PD	and	greater	than	that	for	
near,	by	12	PD.	Patient	had	normal	amplitude	of	accommodation	
and	high	AC/A	 ratio	of	 8:1.	PFV	was	 low	 for	distance	 and	
borderline	for	near.	NFV	was	within	normal	limits.	With	office	
and	home-based	exercises	for	Divergence	excess	as	outlined	in	
flowchart	[Fig.	5a],	and	exercises	to	improve	binocular	fusion	and	
stereopsis,	his	PFV	and	control	over	exodeviation	improved,	and	
the	visual	disturbances	gradually	resolved.

Case 4: Special Situations
A	24-year-old	 female	 presented	with	 chief	 complaints	 of	
intermittent	blurring	of	vision	for	distance	and	near,	asthenopia	
OD	9	months	post	 an	uneventful	 transepithelial	 PRK.	Her 
	pre-operative	examination	record	showed	her	BCVA	was	6/6,	
N6	OU	with	-1.25DS/-0.75DC	at	80	degrees	OD	and	-1.25DS	
OS.	Her	NPA	and	NPC	with	 glasses	were	within	 normal	
limits	and	the	Duochrome	test	was	balanced.	Her	stereopsis	
was	tested	using	the	Titmus	fly	test	and	was	normal.	She	was	

Table 4: Table of expected values for Binocular single 
vision assessment

Table 5: Table of direct and indirect tests performed for 
diagnosis of NSBVA

Figure 9: (a) A normal pre‑operative axial/sagittal map of OD. (b‑g): 
Axial/sagittal map, slit lamp photograph and corneal densitometry 
map OD at 9 months post Trans – PRK and 12 weeks post treatment
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advised	Trans-PRK	in	both	eyes,	since	here	thinnest	corneal	
thickness	(TCT)	was	483	µm	OD	and	498	µm	OS	respectively	on	
Pentacam	pachymetry	map	[Fig.	9a].	She	underwent	uneventful	
OD	Trans-PRK	 followed	by	OS	Trans-PRK	2	days	 later	on	
Schwind	Amaris	1050	(Peramis;	SCHWIND	eye-tech-solutions,	
Kleinostheim,	Germany).	Her	UCVA	on	postoperative	day	
1	was	 6/6	OU.	Her	 immediate	 post-operative	 period	was	
uneventful.	 She	was	 a	 teacher	 and	an	avid	 computer	user,	
spending	approximately	nine	hours	a	day	using	computers.	
On	examination	at	9	months	post	trans-	PRK	her	BCVA	was	
6/24	with	+3.75DS/-3.00DC	at	90-degree	N10	OD	and	6/6;	N6	
with	plano	OS.	Slit-lamp	biomicroscopic	examination	revealed	
the	presence	of	clinical	grade	2	haze	OD	which	corresponded	
to	 the	 corneal	densitometry	map	on	 the	Pentacam	showing	
evidence	of	post-PRK	scaring	[Fig.	9b-d].	The	rest	of	the	anterior	
and posterior segment examination was within normal limits 
in	both	eyes.	Hence,	a	diagnosis	of	late-onset	post-PRK	haze	
was	made	and	she	was	prescribed	a	tapering	dose	of	eye	drop	
prednisolone	along	with	 eye	ointment	 tacrolimus	 0.03%	at	
bedtime	and	 tablet	vitamin	C	500	mg	 three	 times	a	day	 for	
12	weeks.	At	12	weeks	follow	up,	the	slit	 lamp	examination	
showed	minimal	 haze	OD	with	 corresponding	 reduction	
of	 the	 same	on	 corneal	densitometry	map	OD	 [Fig.	 9e-g];	
nevertheless,	the	complaints	of	eye	strain	and	blurring	of	vison	
persisted	OD.	Her	BCVA	OD	was	6/6	with	+1.25	D/-0.75	DC	
at	90	degrees;	however,	the	clinical	picture	did	not	correlate	
with	the	magnitude	of	the	hyperopic	shift,	so	she	was	advised	
to	undergo	a	detailed	orthoptic	 evaluation	which	 revealed	
esophoria	 for	distance	on	 cover	 test	 and	Maddox	 rod	 test.	
She	also	had	low	near	point	of	accommodation,	low	positive	
fusional	vergence	 (PFV)	at	distance	and	near,	 low	negative	
fusional	vergence	(NFV)	at	distance	and	near	and	low	binocular	
accommodative	facility	(BAF),	reduced	cycles	per	minute	on	
monocular	 accommodative	 facilities	 (MAF).	Based	on	 these	
findings	a	diagnosis	of	fusional	vergence	dysfunction	was	made	
and	she	was	prescribed	+1.25	DS/-0.75DC	at	90	OD	glasses	and	
was	started	on	orthoptic	exercise	initially	at	the	clinic	which	
was	then	subsequently	shifted	to	home-based	exercises	[Fig.	6]	
She	was	 re-evaluated	8	weeks	post	orthoptic	 exercises,	her	
BCVA	improved	to	6/6	with	+0.25DS	OD	and	her	symptoms	
had	significantly	resolved.

Vision	therapy	is	the	mainstay	of	treatment	in	convergence	
insufficiency.	However,	correction	of	refractive	error,	as	with	
any	other	NSBVA	is	important.	Low	myopia	perhaps	may	be	
corrected	after	starting	vision	therapy.	Pencil	push-ups	are	one	
of	the	most	common	exercises	prescribed	for	CI.	Convergence	
insufficiency	 treatment	 trail	 (CITT)	 evaluated	 efficacy	 of	
office-based	 vision	 therapy,	 office-based	placebo	 therapy,	
home-based	pencil	push-up	(HBPP)	and	home-based	computer	
vision	therapy	+	pencil	push	up.	73%	improved	in	officed	based	
vision	therapy	group	as	compared	to	43%	in	HBPP	group	and	
33%	in	homed	based	computer	vision	therapy	plus	pencil	push	
up group.[22]	Hence	whenever	possible	 office-based	vision	
therapy	must	be	 insisted	upon	as	monitoring	of	 techniques	
performed	by	the	patient	with	feedback	and	correction	is	very	
important

Home-based	vision	therapy	can	be	advised	for	patients	who	
cannot	 attend	office-based	vision	 therapy:	Pencil	push-ups,	
Brock	string,	lifesaver	cards,	and	eccentric	circles	are	the	various	
options.	Office-based	vision	therapy	is	outlined	in	Fig.	8.

Key Take-Home Points
•	 It	 is	 important	 to	 identify	 the	 dominant	 eye	 since	 any	
inadvertent	under-correction	in	dominant	eye	will	derange	
the	binocular	balance.

•	 Monovision	should	be	performed	only	in	patients	with	equal	
visual	acuity	in	both	the	eyes	and	normal	BVA	with	good	
fusion	capacity.	Distance	correction	should	be	performed	
in the dominant eye

•	 Overcorrections	 in	myopic	 patients	 cause	 a	 decrease	
in	 convergence.[12]	Hence	 a	dilated	 refraction	 should	be	
performed	to	assess	the	true	refractive	error

•	 NSBVA	is	an	 important	differential	diagnosis	 in	patients	
presenting as regression

•	 Any	 patient	 presenting	with	 complaints	 of	 glare	 and	
halos	post-refractive	 surgery	must	undergo	 a	 complete	
binocular	 vision	 assessment	 as	NSBVA	 is	 an	 important	
differential	diagnosis	other	than	the	dry	eye	and	flap	related	
complications

•	 Pre-operative	BVA	will	help	in	improving	post-refractive	
surgery	outcomes	in	patients	with	an	undiagnosed	NSBVA.

Conclusion 
In	 conclusion,	 the	 authors	would	 like	 to	 emphasize	 the	
importance	 of	 including	 binocular	 vision	 assessment	
and	 orthoptics	 evaluation	 in	 the	 routine	 pre-operative	
refractive	surgery	work-up.	Also,	the	surgeons	must	keep	
in	mind	a	differential	diagnosis	of	NSBVA	while	evaluating	
a	 patient	 presenting	with	 visual	 complaints	 resembling	
regression,	overcorrection	or	asthenopic	symptoms	before	
planning	 any	 surgical	 intervention	 for	 re-correction	 or	
enhancement.

Financial support and sponsorship
Nil.

Conflicts of interest
There	are	no	conflicts	of	interest.

References
1.	 Lou	L,	Yao	C,	 Jin	Y,	 Perez	V,	Ye	 J.	Global	 patterns	 in	 health	

burden	of	uncorrected	refractive	error.	Invest	Ophthalmol	Vis	Sci	
2016;57:6271-7.

2.	 Flaxman	SR,	Bourne	RRA,	Resnikoff	S,	Ackland	P,	Braithwaite	T,	
Cicinelli	MV,	et al.	Global	causes	of	blindness	and	distance	vision	
impairment	 1990-2020:	A	 systematic	 review	and	meta-analysis.	
Lancet	Glob	Health	2017;5:e1221-34.

3.	 Naidoo	KS,	Leasher	J,	Bourne	RR,	Flaxman	SR,	Jonas	JB,	Keeffe	J,	
et al.	Global	vision	impairment	and	blindness	due	to	uncorrected	
refractive	error,	1990-2010.	Optom	Vis	Sci	2016;93:227-34.

4.	 Sheeladevi	 S,	 Seelam	B,	Nukella	PB,	Borah	RR,	Ali	R,	Keay	L.	
Prevalence	 of	 refractive	 errors,	 uncorrected	 refractive	 error,	
and	presbyopia	in	adults	in	India:	A	systematic	review.	Indian	J	
Ophthalmol	2019;67:583-92.

5.	 Eyewire.news.	[Internet]	Global	Demand	for	Refractive	Surgery	
Growing	After	 Economic	 Rebound	 in	Major	Markets	 [cited	
2019	Aug	 01].	Available	 from:	 https://eyewire.news/articles/
global-demand-for-refract ive-surgery-growing-after-
economic-rebound-in-major-markets/#:~:text=Global%20
demand%20for%20refractive%20surgery%20is%20expected%20
to%20grow%20at,  the%20latest%20Market%20Scope%20
estimates.	[Last	accessed	on	2020	Jul	20].

6.	 Meidani	A,	Tzavara	C,	Dimitrakaki	C,	Pesudovs	K,	Tountas	Y.	



2846	 Indian Journal of Ophthalmology	 Volume	68	Issue	12

Femtosecond	 laser-assisted	 LASIK	 improves	 quality	 of	 life.	
J	Refract	Surg	2012;28:319-30.

7.	 Chayet	AS,	Assil	KK,	Montes	M,	Espinosa-Lagana	M,	Castellanos	A,	
Tsioulias	G.	Regression	 and	 its	mechanisms	 after	 laser in situ 
keratomileusis in moderate and high myopia. Ophthalmology 
1998;105:1194-9.

8.	 Lyle	WA,	Jin	GJ.	Retreatment	after	initial	laser in situ keratomileusis. 
J	Cataract	Refract	Surg	2000;26:650-9.

9.	 Albietz	 JM,	Lenton	LM,	McLennan	 SG.	Chronic	 dry	 eye	 and	
regression after laser in situ keratomileusis	for	myopia.	J	Cataract	
Refract	Surg	2004;30:675-	84.

10.	 Shojaei	A,	Mohammad-Rabei	H,	Eslani	M,	Elahi	B,	Noorizadeh	F.	
Long-term	 evaluation	 of	 complications	 and	 results	 of	
photorefractive	 keratectomy	 in	myopia:	An	 8-year	 follow-up.	
Cornea	2009;28:304–10.

11.	 Wagoner	MD,	Wickard	JC,	Wandling	GR	Jr,	Milder	LC,	Rauen	MP,	
Kitzmann	AS,	et al.	Initial	resident	refractive	surgical	experience:	
Outcomes	 of	 PRK	 and	 LASIK	 for	myopia.	 J	 Refract	 Surg	
2011;27:181–8.

12.	 Godts	D,	Tassignon	MJ,	Gobin	L.	Binocular	vision	impairment	after	
refractive	surgery.	J	Cataract	Refract	Surg	2004;30:101-9.

13.	 Hussaindeen	JR,	Rakshit	A,	Singh	NK,	George	R,	Swaminathan	M,	
Kapur	S,	et al.	Prevalence	of	non-strabismic	anomalies	of	binocular	
vision	in	Tamil	Nadu:	Report	2	of	BAND	study.	Clin	Exp	Optom	
2017;100:642-8.

14.	 Magdalene	D,	Dutta	P,	Choudhury	M,	Deshmukh	S,	Gupta	K.	
Clinical	profile	of	non-strabismic	binocular	vision	anomalies	 in	

patients	with	asthenopia	in	North-East	India.	TNOA	J	Ophthalmic	
Sci	Res	2017;55:182-6.

15.	 Cacho-Mart	 ́ınez	P,	Garc	 ́ıa-Muñoz	A,	Ruiz-Cantero	MT.	Do	we	
really	know	the	prevalence	of	accomo-	dative	and	nonstrabismic	
binocular	dysfunctions?	J	Optom	2010;3:185–97.

16.	 Day	G,	Powers	MK,	Faktorovich	E.	Binocular	vision	problems	in	
refractive	surgery	patients:	Vision	therapy	case	reports.	Optometry	
&	Visual	Performance	2015;3:58-69.

17.	 Zheng	K,	Han	T,	Zhou	X.	Accommodative	changes	after	SMILE	
for	moderate	 to	 high	myopia	 correction.	 BMC	Ophthalmol	
2016;16:173-8.

18.	 O’Doherty	M,	O’Keeffe	M,	Kelleher	C.	Five	year	follow	up	of	laser 
in situ keratomileusis for all levels of myopia. Br J Ophthalmol 
2006;90:20-3.

19.	 Bergqvist	UO,	Knave	BG.	Eye	discomfort	and	work	with	visual	
display	terminals.	Scand	J	Work	Environ	Health	1994;20:27-33.

20.	 Cooper	 JS,	 Burns	 CR,	 Cotter	 SA,	 Daum	 KM,	 Griffin	 JR,	
Scheiman	MM.	Optometric	Clinical	Practice	Guidelines:	Care	of	
the	Patient	with	Accommodative	and	Vergence	Dysfunctions.	St	
Louis:	American	Optometric	Association;	2010.	p.	4–23.

21.	 Scheimann	M,	Wick	B.	Clinical	Management	of	Binocular	Vision.	
3rd	ed.	Philadelphia:	Lippincott	Williams	&	Wilkins;	2008.

22.	 Convergence	 Insufficiency	 Treatment	 Trial	 Study	 Group.	
Randomized	 clinical	 trial	 of	 treatments	 for	 symptomatic	
convergence	 insufficiency	 in	 children.	Arch	 Ophthalmol	
2008;126:1336-49.


