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Anatomical and functional outcomes one year after vitrectomy and retinal 
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Purpose: The aim of this study was to	report	results	of	macular	hole	closure,	visual	benefit	and	longitudinal	
changes	 in	 foveal	 architecture	 over	 1	 year	 following	 macular	 hole	 surgery	 with	 retinal	 massage.	
Methods: Records	of	patients	with	full	thickness	macular	hole	(FTMH)	with	minimum	basal	diameter	of	
550	μ	who	 underwent	 vitrectomy,	 internal	 limiting	membrane	 (ILM)	 peeling	 and	 retinal	massage	were	
drawn	up.	Retinal	massage	was	performed	after	dye	assisted	ILM	peeling,	using	a	27G	flute	needle	with	
a	long	and	soft	silicone	tip	under	air	in	a	centripetal	direction	around	the	FTMH.	At	the	end,	10%	C3F8 gas 
was	used	as	tamponade.	The	foveal	contour	at	1	year	follow	up	was	recorded	based	on	its	cross	sectional	
appearance	on	OCT	and	was	classified	 into	U,	V	and	 irregular	 types	of	closure	as	previously	described.	
Results:	 Forty-one	 eyes	 of	 41	 patients	 with	 a	 mean	 age	 of	 70.4	 ±	 6.9	 years	 were	 included.	 The	 mean	
preoperative	vision	was	0.99	±	0.07	logMAR	and	mean	maximum	basal	diameter	of	the	FTMH	was	835	±	208	
μ.	Macular	hole	closure	was	seen	in	all	patients	at	1-month	follow	up.	The	BCVA	improved	to	0.5	±	0.1	log	
MAR	at	6	months	(P	<	0.001)	and	then	stabilized.	The	U	shaped	closure	was	the	commonest	pattern	(n	=	22,	
54%),	 followed	 by	 V-shaped	 closure	 (n	 =	 16,	 39%)	 while	 irregular	 closure	 was	 seen	 in	 3	 eyes	 (7%).	
Conclusion: Retinal	massage	after	ILM	peeling	is	a	very	simple,	and	as	yet	under-utilized	manoeuvre	that	
may	improve	hole	closure	rates	and	lead	to	potentially	greater	improvement	in	vision	compared	to	existing	
techniques	for	large	holes.
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The	surgical	management	of	full-thickness	macular	holes	has	
evolved	considerably	over	the	past	2	decades	with	current	hole	
closure	rates	approaching	more	than	95%.[1]	Antero-posterior	
and	tangential	tractional	forces	involved	in	the	pathogenesis[2] 
of	macular	 holes	 are	 eliminated	during	 surgery	with	 the	
induction	of	posterior	vitreous	detachment	(PVD)	and	internal	
limiting	membrane	 (ILM)	peeling	 respectively.	The	 role	 of	
ILM	peeling	in	improving	hole	closure	rates	has	been	clearly	
shown	with	 large	 randomized	 clinical	 trials.[3-5] Despite a 
better	understanding	of	the	disease	pathogenesis	and	surgical	
advances	with	 small	 gauze	 vitrectomy,	managing	 larger	
macular	holes	with	a	basal	diameter	of	>400	microns	 is	still	
challenging.	Though	 some	 studies	 show	good	closure	 rates	
in	holes	<650	microns,[6]	 the	overall	perception	is	that	larger	
holes	show	lower	closure	rates	and	are	associated	with	lesser	
visual gain.

The	 inverted	flap	 technique	has	 been	 shown	 to	 further	
enhance	hole	 closure	 rates	 and	 is	 currently	 the	 technique	
of	 choice	while	 dealing	with	 larger	 holes	 >400	microns	
in	size.[7-10]	Several	modifications	of	this	technique	such	as	use	of	
a	temporal	inverted	flap,[11]	free	ILM	flap	insertion,[12] and others 
such	as	retinal	expansion	techniques,[13] and use of autologous 

blood,[14] retinal graft[15]	and	amniotic	membrane[16]	as	macular	
plugs	have	been	described	for	surgical	management	of	large	
macular	holes.	All	these	techniques	employ	the	same	principle	
of	positioning	of	tissue	such	as	ILM,	retinal	grafts	and	amniotic	
membrane	within	the	macular	hole	which	are	postulated	to	
act	as	a	scaffold	for	glial	proliferation	over	the	tissue	defect,	
ultimately	leading	to	macular	hole	closure.	However,	visual	
improvement	is	only	modest	with	these	techniques.[17]

Several	 different	 approaches	 have	 been	 described	 for	
treating	large,	persistent	and	recurrent	macular	holes	which	do	
not	depend	upon	stuffing	the	macular	hole	with	any	material.	
The	technique	of	“retinal	massage”	for	closure	of	macular	holes	
was	first	described	by	Alpatov	more	than	a	decade	ago.[18] More 
recently,	Mohammed	and	Pai	have	 induced	serous	macular	
detachment	around	the	macular	hole	followed	by	parafoveal	
retinal	massage	to	bring	edges	closer,	gas	tamponade,	and	face	
down positioning with good results.[19]	In	view	of	these,	retinal	
massage	appears	to	be	a	promising	alternative	technique	for	
surgical	management	of	large	macular	holes.	However,	there	
are not enough studies that explore the role of this simple 
technique	 and	 report	 closure	 rates	 in	 large	macular	holes.	
In	this	paper,	we	report	our	results	of	macular	hole	closure,	
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visual	benefit	and	longitudinal	changes	in	foveal	architecture	
over	 1	 year	 following	vitrectomy,	 ILM	peeling	 and	 retinal	
massage	for	large	macular	holes	from	an	Indian	population.

Methods
This	was	 a	 retrospective	 study	 conducted	at	 a	 tertiary	 eye	
care	facility	in	eastern	India	from	July	2017	to	May	2018.	The	
study	was	approved	by	the	institutional	ethics	committee	and	
was	conducted	as	per	the	tenets	of	the	declaration	of	Helsinki.	
Informed	 consent	was	 obtained	 from	 all	 patients	 before	
commencement	of	surgery.

Adult	patients	presenting	with	large	full-thickness	macular	
hole	 defined	 as	 having	minimum	 basal	 diameter	 of	 550	
microns	 (average	 of	 horizontal	 and	vertical	 scan)	without	
any	 coexistent	 ocular	morbidity	were	offered	 surgery	with	
vitrectomy,	ILM	peeling	and	retinal	massage.	Eyes	with	macular	
holes	secondary	to	trauma,	high	myopia	(axial	length	>26	mm),	
associated	with	retinal	detachment	or	other	retinal	surgeries,	
and	recurrent	or	persistent	macular	holes	were	excluded.	Data	of	
consecutive	patients	meeting	inclusion	criteria	with	a	minimum	
of	 1-year	 follow	up	were	drawn	up	 from	a	 computerized	
database.	Patient	demographics	such	as	age,	gender,	baseline	
best-corrected	visual	acuity	(BCVA),	duration	of	vision	loss,	axial	
length	and	maximum	basal	diameter	on	spectral-domain	OCT	
scans	(OptoVue	Inc,	Freemont,	CA,	USA)	were	recorded	before	
macular	hole	surgery.	On	each	of	 the	visits	at	postoperative	
months	1,	3,	6	and	12,	 the	BCVA,	presence	of	ellipsoid	zone	
defect	and	external	 limiting	membrane	defect	on	OCT	scans	
were	 recorded.	The	 foveal	 contour	at	 1	year	 follow	up	was	
recorded	based	 on	 its	 cross-sectional	 appearance	 on	OCT	
and	was	classified	into	U,	V	and	irregular	types	of	closure	as	
previously	described	by	Michalewska	et al.[11]

Surgical technique
All	 surgeries	were	performed	under	peribulbar	anaesthesia	
using	25	G	vitrectomy	systems	 (Constellation,	Alcon,	USA)	
by	three	fellowship	trained	vitreoretinal	(VR)	surgeons.	After	
making	3	parsplana	vitrectomy	ports,	a	core	vitrectomy	was	
completed	 and	posterior	 vitreous	detachment	 (PVD)	was	
induced	 from	 the	 optic	 disc	 using	 diluted	 triamcinolone	
acetonide	when	 required	 to	visualize	 the	posterior	vitreous	
cortex.	After	completion	of	vitrectomy,	the	ILM	was	stained	
using	brilliant	blue	dye	 (Auroblue	BBG,	Aurolab,	Madurai,	
India)	 and	 ILM	peeling	was	 initiated	 in	 the	peripapillary	
region	using	specialized	ILM	grasping	forceps	(Greishhaber,	
Alcon,	USA).	A	 large	area	of	 ILM	was	peeled	measuring	at	
least	2	disc	diameters	around	the	fovea	[Video	1].	The	ILM	was	
peeled	across	the	edges	of	the	macular	hole	to	ensure	release	
of	all	tangential	traction.	After	satisfactory	peeling,	a	fluid	gas	
exchange	was	performed	and	using	a	27G	flute	needle	with	
a	 long	and	soft	 silicone	 tip,	 the	 retina	was	massaged	under	
air	 in	a	 centripetal	direction	 i.e.,	 radially	 from	periphery	 to	
centre	around	the	macular	hole,	sparing	the	papillo-macular	
bundle	 in	 order	 to	 try	 and	 approximate	 the	 edges	 of	 the	
hole.	This	manoeuvre	did	not	cause	any	significant	petechial	
haemorrhage	–	as	is	often	noted	during	ILM	peeling	in	macular	
hole	surgery.	This	was	followed	by	aspiration	of	residual	fluid	
from	 the	 centre	of	 the	hole	using	 the	 same	27G	soft-tipped	
cannula.	Finally,	the	air	was	replaced	with	10%	C3F8 gas and 
the	cannulas	were	removed	and	intraocular	pressure	checked.	
Patients	were	 advised	 to	maintain	 face-down	position	 for	

7	days	after	surgery	and	prescribed	tapering	topical	steroids	
for	1	month.

Statistical analysis
All	 continuous	 variables	were	 expressed	 as	means	with	
standard	deviation	or	median	with	interquartile	range	(IQR)	
and	categorical	variables	were	expressed	as	proportions	(n,	%).	
Groups	differences	in	continuous	variables	between	two	groups	
were	analysed	using	the	Student’s	t	test	or	Wilcoxon’s	rank	sum	
test	and	the	analysis	of	variance	(ANOVA)	or	Kruskall–Wallis	
test	was	used	when	comparing	across	more	than	two	groups.	
The	Chi-square	or	the	Fischer’s	exact	test	was	used	to	analyse	
group	differences	between	categorical	variables.	Differences	
between	continuous	variables	over	time	were	analysed	using	
the paired t	test	with	Bonferroni’s	adjustments.	All	data	were	
recorded	using	Microsoft	Excel	and	analysed	using	STATA	12.1	
I/c	(Stata	Corp,	Fort	Worth,	Texas,	USA).	All P values	below	
0.05	were	considered	statistically	significant.

Results
Forty-one	eyes	of	41	patients	 fulfilling	 the	 inclusion	criteria	
were	 included	 in	 the	 study.	The	mean	age	of	patients	was	
70.4	±	6.9	years	and	28	(68%)	were	women.	The	mean	presenting	
visual	acuity	was	0.99	±	0.07	logMAR	units	and	the	median	
duration	of	 visual	 loss	was	 8	months	 (IQR	=	 6-9	months).	
The	mean	maximum	basal	 diameter	 of	 the	macular	 holes	
was	835	±	208	μ	(median	=	869	μ,	IQR	=	670-892	μ).	A	positive	
correlation	was	noted	between	duration	of	 symptoms	and	
hole diameter [Fig.	 1].	All	patients	were	pseudophakic	 and	
the	median	axial	length	was	24.1	mm	(IQR	=	23.7-24.6	mm).

Macular	hole	closure	was	seen	in	all	patients	at	1-month	
follow	up.	The	BCVA	improved	from	0.99	±	0.07	logMAR	to	
0.87	±	0.08	logMAR	at	1	month	follow	up	(P	=	0.03).	At	three	
months	 follow	up,	 there	was	 further	 improvement	 to	 0.6	
logMAR units (P	<	0.001)	and	this	improved	by	one	more	line	
at	6	months	[Table	1],	The	vision	did	not	improve	further	at	
the	12-month	time	point.	By	six	months	however,	vision	had	
improved in all eyes.

The	proportion	of	eyes	with	persistent	ellipsoid	zone	defect	
reduced	gradually	from	80%	at	1	month	to	41%	at	6	months	
follow	up	 [Table	 1]	 and	 then	 stabilized	with	 36%	eyes	 still	

Figure 1: Duration of symptoms versus base diameter
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showing	ellipsoid	zone	defect	at	12	months	[Fig.	2].	Similar	
trends	were	seen	with	ELM	defect	with	gradually	reducing	
proportion	of	 eyes	 between	 1	month	 and	 6	months.	At	 12	
months,	17%	eyes	still	demonstrated	an	ELM	defect	[Table	1].

In	 terms	of	 closure	 type,	 the	U	 shaped	 closure	was	 the	
commonest	 pattern	 (n	 =	 22,	 54%),	 followed	 by	V-shaped	
closure	 (n	 =	 16,	 39%)	while	 irregular	 closure	was	 seen	 in	 3	
eyes	 (7%).	 Table	 2	 shows	 a	 comparison	 of	 demographics	
and	various	clinical	parameters	between	eyes	with	U,	V	and	
irregular	closure	at	different	time	points.	Those	with	U	shaped	
closure	 had	 slightly	 better	 vision,	 smaller	 basal	 diameter	
and	shorter	duration	of	vision	 loss	 compared	 to	 those	with	
V-shaped	 and	 irregular	 pattern	 of	 closure.	 There	was	 no	
difference	in	BCVA	in	these	groups	at	1	and	3	months,	but	at	
6	months	and	1	year,	 eyes	with	U	closure	had	 significantly	
better	vision.	Similarly,	U	closure	eyes	had	significantly	smaller	
proportion	of	 eyes	with	persistent	 ellipsoid	zone	and	ELM	
defects	at	every	time	point.

Discussion
We	found	that	vitrectomy	with	ILM	peeling,	retinal	massage	
under	air,	drying	the	hole	and	gas	tamponade	with	face	down	
positioning	lead	to	closure	in	100%	eyes.	Visual	improvement	
continued	to	occur	over	6	months	after	surgery	after	which	the	
vision	stabilized.	Eyes	with	shorter	duration	of	vision	loss	and	
relatively	smaller	holes	with	the	basal	diameter	in	the	region	
of	750	microns	experienced	U-shaped	hole	closure	which	was	
in	 turn,	 associated	with	much	better	visual	 recovery.	Eyes	
with	V-shaped	closure	had	persistent	ellipsoid	zone	defect	in	
majority	of	eyes	which	lead	to	BCVA	of	nearly	2	lines	lower	
than	those	with	U	shaped	closure.

The	use	of	 retinal	massage	has	been	described	 in	 the	past	
to	 improve	hole	closure	 rates.	Alpatov	et al.[18]	described	 this	
procedure	in	25	eyes	where,	after	vitrectomy	and	ILM	peeling,	a	
blunt	vitreoretinal	spatula	was	used	to	flatten	the	macula	from	
periphery	to	centre.	Once	the	hole	became	slit-like,	a	vitreoretinal	
forceps	was	used	 to	mechanically	approximate	 the	edges	of	
the	hole.	Authors	describe	a	hole	closure	rate	of	92%,	with	84%	
showing	excellent	 tissue	approximation	at	 the	 fovea.	Majority	
eyes	showed	sizeable	improvement	in	vision	by	3	months	after	
surgery.	Our	technique	appears	to	be	similar	to	this,	but	much	
less	 traumatic	 since	we	use	25G	 transconjunctival	 sutureless	
ports	as	opposed	to	20G	instrumentation	at	the	time	of	the	series	
published	by	Alpatov	(i.e.	2007),	use	of	a	27G	soft	silicone	tip	as	
opposed	to	a	spatula	to	perform	the	retinal	massage	and	lack	of	
tissue	approximation	using	forceps	as	described	by	Alpatov.[18] A 
blunt	retinal	massager	has	also	been	advocated	for	massaging	the	
retina	by	others.[20]	We	however	found	the	soft-tipped	cannula	very	
handy	in	massaging	the	retina	without	causing	significant	trauma.

Mohammed et al.	 very	 recently	 (2017)	described	 retinal	
massage	after	inducing	serous	retinal	detachment	using	a	41	

gauge	needle	at	three	locations	near	the	macular	hole.[19]	Once	
the	 serous	detachment	was	 produced,	 a	 diamond-dusted	
scraper	was	used	 to	massage	 the	macula	 from	periphery	 to	
centre	to	convert	the	round	hole	into	a	horizontally	oriented	
transverse	slit.	Then,	an	end	gripping	forceps	was	used	to	pinch	
the	temporal	edges	of	MH	once	so	that	its	edges	come	closer.	
Later,	fluid-air-exchange	was	carried	out	with	gas	tamponade	
and	facedown	positioning	for	1	week.	Authors	report	100%	hole	
closure	in	all	the	4	eyes	with	significant	visual	improvement,	
similar	to	our	results.	This	technique	appears	to	be	very	similar	
to	the	one	described	by	Alpatov,	with	the	addition	of	inducing	
further	trauma	in	the	form	of	localized	retinal	detachment.	We	
did	not	feel	the	need	to	inject	fluid	under	the	retina	to	mobilize	
it	before	the	massage.

In	our	opinion,	glial	proliferation	over	a	scaffold,	as	occurs	
with	the	inverted	flap	and	other	material	used	as	macular	plugs,	
leads	to	anatomical	closure	but	due	to	lack	of	differentiation	into	
photoreceptors,	this	tissue	is	unable	to	perceive	light	and	hence	
vision improvement is not gratifying.[7] The approximation of 
photoreceptors	without	glial	 tissue	has	the	potential	 to	have	
greater	vision	 improvement	 since	glial	 tissue	 is	not	 formed.	

Table 1: Comparison of BCVA, Ellipsoid zone defect and ELM defects over time

Variable 1 month 3 months 6 months 12 months

BCVA 0.87 ± 0.08 0.61 ± 0.11** 0.50 ± 0.11** 0.47 ± 0.13

Ellipsoid zone defect 33 (80%) 27 (66%)** 17 (41%)** 15 (36%)
ELM defect 25 (61%) 12 (29%)** 7 (17%)** 6 (15%)

P < 0.005 compared to previous time point of the same row

Figure 2: OCT scans preoperatively [Figure 1a] and at 1 
month [Figure 1b], 3 months [Figure 1c], 6 Months [Figure 1d] and 12 
months [Figure 1e] postoperatively with coloured arrowheads showing 
ellipsoid zone defects gradually reducing
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Retinal	massage	or	any	another	technique	that	can	bring	about	
photoreceptor	approximation	will	therefore	be	more	visually	
rewarding.	We	feel	that	using	a	long	and	soft	silicone	tipped	
cannula	under	air	 tamponade	 is	 the	 least	 traumatic	way	 to	
perform	retinal	massage.	We	observed	shrinkage	of	the	round	
hole	into	a	slit-like	defect	during	surgery,	exactly	as	described	
by	Alpatov	and	Mohammed	et al.	despite	using	a	soft-tipped	
silicone	cannula,	thereby	obviating	the	need	for	massage	with	
a	spatula	or	inducing	serous	detachment.	This	may	be	because	
release	of	the	tangential	traction	after	ILM	peeling	makes	the	
previously	 stiff	 retina	 relatively	more	mobile	 and	amenable	
to	 re-approximation.	The	 slit-like	 reduction	of	 the	hole	was	
taken	as	the	end	point	in	our	surgery,	without	trying	to	further	
approximate	 the	edges	with	 forceps.	We	believe	 that	drying	
the	hole	 thoroughly	by	performing	fluid	air	 exchange	 from	
the	edges	of	 the	hole	using	 the	 same	atraumatic	 soft-tipped	
silicone	needle	has	 the	same	effect	of	 further	approximating	
the	photoreceptors	as	attempted	with	forceps	by	the	previous	
authors,	with	the	current	technique	having	the	advantage	of	
being	less	traumatic.	The	use	of	intraoperative	OCT	will	help	
us assess this assumption in future studies.

We	observed	U	 shaped	 foveal	morphology	 in	 eyes	with	
holes	 of	 relatively	 smaller	 basal	 diameter	 (approximately	
750	microns)	 and	 shorter	 duration	 and	 not	 surprisingly,	
these	 lead	 to	 the	best	 improvement	 in	vision.	The	 size	and	
duration	of	 the	macular	hole	have	been	well	 established	as	
the	prognostic	factors	influencing	hole	closure	rates	and	vision	
improvement.[5,12]

The advantages of our study are the relatively large sample 
of	eyes	operated	by	this	lesser-known	technique	and	follow	
up	to	a	minimum	of	1	year	to	see	longitudinal	OCT	changes	
after	 surgery.	However,	our	 study	being	 retrospective	does	
have	 its	 limitations	 and	drawbacks.	One	of	 the	drawbacks	
was	the	lack	of	intraoperative	OCT	monitoring	and	the	lack	
of	a	control	group	using	more	accepted	surgical	 techniques	
for	large	macular	holes.	Retinal	nerve	fibre	layer	OCT	was	not	
evaluated	and	also	microperimetry	could	not	be	performed.	
However,	in	their	series,	Mohan et al.	found	microperimetry	
did	not	show	any	adverse	effects	following	retinal	massage	in	
large	macular	holes.[20]

Conclusion
In	conclusion,	we	believe	that	retinal	massage	after	ILM	peeling	
along	with,	 drying	 the	hole	 and	gas	 tamponade	 is	 a	 very	
simple,	and	as	yet	under-utilized,	and	certainly	under-reported	
manoeuvre,	that	will	improve	hole	closure	rates	and	lead	to	
greater	improvement	in	vision	compared	to	existing	techniques	
such	 as	 inverted	 flap	 and	macular	 plugs.	Head	 to	 head	
comparative	 studies,	preferably	using	a	 randomized	 study	
design,	and	follow	up	of	at	least	6	months	is	required	to	assess	
whether	retinal	massage	is	as	good	as	or	better	than	inverted	
flap	technique	for	closure	of	large	macular	holes.

Financial support and sponsorship
Nil.

Table 2: Comparison of baseline and follow up characteristics between eyes with different type of hole closure pattern 
over time

Variable Type U closure Type V Closure Irregular closure P value

Number of eyes 22 (54%) 16 (39%) 3 (7%)

Baseline characteristics

Age 71.1 ± 6.8 67.8 ± 6.4 78.3 ± 4.5 0.04

Gender (% Female) 18 (82%) 8 (50%) 2 (67%) 0.11

BCVA 0.97 + 0.07 1.0 + 0.1 1.13 + 0.11 0.055

Maximum basal diameter µ 746 ± 132 961 ± 234 820 ± 238 0.009

Duration of vision loss 6.8 ± 0.9 10.3 ± 2.9 9.6 ± 2.1 0.001

Axial length 24 ± 0.6 24.2 ± 0.5 24.5 ± 0.1 0.18

1 month

BCVA 0.85 ± 0.07 0.91 ± 0.08 0.9 ± 0.1 0.14

Ellipsoid zone defect 14 (64%) 16 (100%) 3 (100%) 0.01

ELM defect 9 (41%) 13 (81%) 3 (100%) 0.015

3 months

BCVA 0.58 ± 0.09 0.65 ± 0.11 0.63 ± 0.15 0.21

Ellipsoid zone defect 8 (36%) 16 (100%) 3 (100%) <0.001

ELM defect 3 (14%) 6 (37%) 3 (100%) 0.006

6 months

BCVA 0.43 ± 0.12 0.58 ± 0.04 0.60 ± 0 <0.001

Ellipsoid zone defect 3 (14%) 11 (69%) 3 (100%) <0.001

ELM defect 1 (5%) 3 (19%) 3 (100%) <0.001

12 months

BCVA 0.38 ± 0.09 0.56 ± 0.07 0.60 ± 0 <0.001

Ellipsoid zone defect 2 (9%) 10 (63%) 3 (100%) <0.001
ELM defect 1 (5%) 2 (12%) 3 (100%) <0.001
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