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by Kelly and Wendel (6) in 1991. In the most recent Inter-

national sitrĞomacular draction ^tuĚǇ 'roup �lassiĮcation 
(7)͕ largĞ &dD, ǁith no ǀitrĞomacular traction corrĞsponĚs 
to stagĞ /s D, ǁith a ĚiamĞtĞr oĨ ϰ00 ʅm or morĞ anĚ pos-

tĞrior ǀitrĞous ĚĞtachmĞnt͕ as ĚĞscribĞĚ in thĞ 'ass D, 
classiĮcation (ϴ͕ ϵ)͘ ^ĞǀĞral optical cohĞrĞncĞ tomographǇ 
(O�d) paramĞtĞrs haǀĞ bĞĞn usĞĚ to prĞĚict Ĩunctional anĚ 
anatomic rĞsults in D, rĞpair (10-1ϯ) incluĚing D, inĚĞǆ͕ 
holĞ Ĩorm Ĩactor͕  ĚiamĞtĞr holĞ inĚĞǆ͕ tractional holĞ inĚĞǆ͕ 
anĚ rĞcĞntlǇ D, anglĞ (1ϰ)͘ �ĚǀancĞs in Ěiagnostic tools anĚ 
surgical tĞchniƋuĞs haǀĞ ĞnablĞĚ an improǀĞmĞnt in D, sur-
gĞrǇ outcomĞs; nĞǀĞrthĞlĞss͕ complĞtĞ surgical closurĞ is still 
an important challĞngĞ in longstanĚing largĞ D,s (1ϱ)͘ dhĞ 
stanĚarĚ approach to &dD,s is a surgical procĞĚurĞ bǇ pars 
plana ǀitrĞctomǇ (PPs) anĚ pĞĞling͕ inĨusion oĨ long- or short-
acting gas͕ anĚ positioning aŌĞr surgĞrǇ͘ �uring rĞcĞnt ǇĞars͕ 
ǀarious surgical tĞchniƋuĞs haǀĞ bĞĞn introĚucĞĚ to improǀĞ 
postopĞratiǀĞ outcomĞs (1ϲ͕ 17)͕ incluĚing thĞ inǀĞrtĞĚ in-

tĞrnal limiting mĞmbranĞ (/>D) Ňap tĞchniƋuĞ ĚĞscribĞĚ 
bǇ DichalĞǁsŬa Ğt al (1ϴ)͕ ǁith Ğncouraging rĞsults͘ /n this 
mĞthoĚ͕ a part oĨ thĞ />D is not complĞtĞlǇ rĞmoǀĞĚ͕ thĞn 
is inǀĞrtĞĚ on thĞ margin oĨ thĞ &dD, anĚ gĞntlǇ laiĚ oǀĞr it 
until complĞtĞ coǀĞragĞ is achiĞǀĞĚ͘ �lthough manǇ authors 
rĞportĞĚ gooĚ anatomic rĞsults ǁith thĞ ĚiīĞrĞnt surgical 
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Introduction

Dacular holĞ (D,) is a common͕ oŌĞn unilatĞral͕ rĞtinal 
ĚisĞasĞ morĞ ĨrĞƋuĞntlǇ aīĞcting ĞlĚĞrlǇ ǁomĞn (1-ϰ)͘ dhĞ 
maũoritǇ oĨ thĞsĞ gaps that opĞn up at thĞ cĞntĞr oĨ thĞ rĞtina 
arĞ iĚiopathic͕ but thĞǇ can also Ĩolloǁ an ocular trauma or 
coulĚ bĞ a complication in highlǇ mǇopic ĞǇĞs (ϱ)͘ &ull-thicŬ-

nĞss D,s (&dD,s) progrĞss in a conĚition ǁhĞrĞ thĞrĞ is a 
ĨailurĞ oĨ normal agĞ-rĞlatĞĚ sĞparation oĨ thĞ ǀitrĞous cor-
tĞǆ Ĩrom thĞ postĞrior polĞ anĚ can rĞsult in an anomalous 
anĚ pĞrsistĞnt aĚhĞsion to thĞ ĨoǀĞa͘ &ull-thicŬnĞss D,s rĞp-

rĞsĞnt an important causĞ oĨ blurrĞĚ anĚ ĚistortĞĚ cĞntral 
ǀision anĚ thĞ trĞatmĞnt is ǀitrĞous surgĞrǇ͕  Įrst ĚĞscribĞĚ 

ABSTRACT
Purpose: do comparĞ thĞ inǀĞrtĞĚ Ňap anĚ thĞ subrĞtinal aspiration tĞchniƋuĞ Ĩor Ĩull-thicŬnĞss macular holĞ 
(&dD,) surgĞrǇ͘
Methods: &ortǇ consĞcutiǀĞ ĞǇĞs ǁith a stagĞ /s &dD, ǁĞrĞ ranĚomlǇ assignĞĚ into 2 trĞatmĞnt groups͘ �ŌĞr 
corĞ ǀitrĞctomǇ anĚ pĞrimacular intĞrnal limiting mĞmbranĞ (/>D) pĞĞling͕ in group �͕ thĞ subrĞtinal rĞmnant 
macular ŇuiĚ ǁas aspiratĞĚ ǁith a ϰ1-' cannula aŌĞr thĞ air-ŇuiĚ ĞǆchangĞ procĞĚurĞ͕ ǁhilĞ in group �͕ thĞ tĞch-

niƋuĞ oĨ an inǀĞrtĞĚ />D Ňap ǁas complĞtĞĚ͘ �iīĞrĞncĞs in postopĞratiǀĞ bĞst-corrĞctĞĚ ǀisual acuitǇ (��s�) anĚ 
occurrĞncĞ oĨ intraopĞratiǀĞ or postopĞratiǀĞ complications bĞtǁĞĞn thĞ 2 groups ǁĞrĞ ĞǀaluatĞĚ͘
Results: �ll &dD,s ǁĞrĞ closĞĚ aŌĞr thĞ Įrst surgĞrǇ ǁith no intraopĞratiǀĞ or postopĞratiǀĞ complications͘ /n 
group �͕ 1ϲ patiĞnts (ϴ0й) shoǁĞĚ improǀĞmĞnt oĨ ��s� anĚ ϰ (20й) shoǁĞĚ stabiliǌation͘ /n group �͕ 12 pa-

tiĞnts (ϲ0й) haĚ improǀĞĚ ��s�͕ ǁhilĞ ϲ (ϯ0й) rĞmainĞĚ stablĞ anĚ 2 (10й) ǁorsĞnĞĚ͘ PostopĞratiǀĞ ��s� Ĩor 
group � ǁas signiĮcantlǇ bĞƩĞr than Ĩor group � (p с 0͘022)͘
Conclusions: dhĞ surgical tĞchniƋuĞs haĚ similar ratĞs oĨ closurĞ oĨ &dD,͕ although ��s� outcomĞs ǁĞrĞ signiĮ-

cantlǇ bĞƩĞr in thĞ subrĞtinal aspiration group͘
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TABLE I - �asĞlinĞ charactĞristics

Group A 
(20 eyes)

Group B 
(20 eyes)

p value

Age, y, mean ± SD (range) 69 ± 10.4 
(49-88)

71 ± 8.77 
(54-83)

0.526

Sex, n (%)
 Male 7 (35) 9 (45) 0.747

 Female 13 (65) 11 (55) 0.747

Initial BCVA, logMAR, mean 
± SD

1.3 ± 1.7 1.2 ± 1.4 0.848

Minimum FTMH diameter,  
µm, mean ± SD

664.6 ±  
71.1

666.95 ± 
63.7

0.753

Epiretinal membrane, n (%) 3 (15%) 2 (10%) 0.990

BCVA = best-corrected visual acuity; FTMH = full-thickness macular hole.

tĞchniƋuĞs͕ Ňat borĚĞrs ǁith barĞ rĞtinal pigmĞnt ĞpithĞli-
um associatĞĚ ǁith ǁorsĞ Ĩunctional rĞsults ǁĞrĞ obsĞrǀĞĚ 
in 1ϵй to ϯϵй oĨ largĞ D,s postopĞratiǀĞlǇ (1ϵ-21)͕ but this 
pĞrcĞntagĞ ǁas signiĮcantlǇ ĚĞcrĞasĞĚ aŌĞr thĞ introĚuction 
oĨ thĞ inǀĞrtĞĚ Ňap tĞchniƋuĞ͘ �s ĚĞscribĞĚ bǇ DichalĞǁsŬa 
Ğt al (1ϴ)͕ conǀĞntional ǀitrĞctomǇ ǁith />D pĞĞling has a clo-

surĞ ratĞ oĨ ϴϴй͕ comparĞĚ ǁith ϵϴй iĨ thĞ inǀĞrtĞĚ />D Ňap 
tĞchniƋuĞ is pĞrĨormĞĚ͘ dhĞ currĞnt stuĚǇ rĞports a compari-
son bĞtǁĞĞn thĞ inǀĞrtĞĚ Ňap manĞuǀĞr anĚ a ĚiīĞrĞnt sur-
gical tĞchniƋuĞ͕ ǁhich consists oĨ subrĞtinal actiǀĞ aspiration 
oĨ thĞ ŇuiĚ in thĞ holĞ aŌĞr thĞ air-ŇuiĚ ĞǆchangĞ procĞĚurĞ͘

Methods

dhis ǁas a ranĚomiǌĞĚ controllĞĚ intĞrǀĞntional stuĚǇ 
Ĩolloǁing thĞ guiĚĞlinĞs oĨ thĞ �Ğclaration oĨ ,ĞlsinŬi anĚ 
it ǁas approǀĞĚ bǇ thĞ 2 local institutional rĞǀiĞǁ boarĚs͘ 
&ortǇ patiĞnts (ϰ0 ĞǇĞs) unĚĞrǁĞnt surgĞrǇ Ĩor &dD,s at thĞ 
ZĞtina �ĞntĞr oĨ thĞ EǇĞ �linic hniǀĞrsitǇ oĨ �agliari anĚ at 
thĞ �ĞpartmĞnt oĨ ^urgical͕ DĞĚical͕ DolĞcular͕  anĚ �ritical 
�rĞa PathologǇ͕  hniǀĞrsitǇ oĨ Pisa͕ bĞtǁĞĞn JanuarǇ 201ϱ anĚ 
JunĞ 201ϲ͘ OnlǇ psĞuĚophaŬic patiĞnts ǁith stagĞ /s &dD,s 
ĚĞĮnĞĚ on thĞ basis oĨ O�d scan ǁith macular holĞ ĚiamĞtĞr 
ĞǆcĞĞĚing ϰ00 ʅm ǁĞrĞ ĞnrollĞĚ͘ Eǆclusion critĞria incluĚ-

ĞĚ sĞǀĞrĞ mǇopia (хϲ �)͕ proliĨĞratiǀĞ ĚiabĞtic rĞtinopathǇ͕  
rĞtinal ĚĞtachmĞnt͕ ĞǆuĚatiǀĞ agĞ-rĞlatĞĚ maculopathǇ͕  anĚ 
ocular trauma historǇ͘ WriƩĞn consĞnt ǁas obtainĞĚ anĚ pa-

tiĞnts ǁĞrĞ ranĚomlǇ assignĞĚ into group � (subrĞtinal aspi-
ration tĞchniƋuĞ) or group � (inǀĞrtĞĚ Ňap tĞchniƋuĞ) oĨ 20 
patiĞnts Ğach͕ using a computĞr-gĞnĞration ranĚomiǌation 
list͘ dhĞǇ ǁĞrĞ opĞratĞĚ on bǇ 2 rĞtinal surgĞrǇ spĞcialists 
(E͘P͘  anĚ '͘�͘) unĚĞr local anĞsthĞsia ǁith rĞtrobulbar liĚo-

cainĞ inũĞction͘ �ll patiĞnts unĚĞrǁĞnt a stanĚarĚ suturĞlĞss 
2ϱ-' PPs using thĞ �onstĞllation machinĞ (�lcon >aborato-

riĞs) anĚ an intraopĞratiǀĞ postĞrior capsulotomǇ ǁith ǀit-
rĞctomǇ cuƩĞr in orĚĞr to aǀoiĚ anǇ postĞrior ǀisualiǌation 
ĚisturbancĞ Ěuring thĞ surgĞrǇ͘ �ŌĞr corĞ ǀitrĞctomǇ anĚ a 
postĞrior ǀitrĞous ĚĞtachmĞnt inĚuction iĨ nĞĞĚĞĚ using thĞ 
ǀitrĞctomǇ cuƩĞr in thĞ suction moĚĞ͕ a mĞticulous pĞriph-

Ğral ǀitrĞctomǇ ǁith inĚĞntation ǁas pĞrĨormĞĚ͕ anĚ />D un-

til thĞ ǀascular arcaĚĞs anĚ anǇ ĞpirĞtinal mĞmbranĞ ǁĞrĞ 
pĞĞlĞĚ aŌĞr �luĞ �ual (�orc) coloration͘ /n group �͕ thĞ sub-

rĞtinal rĞmnant macular ŇuiĚ ǁas ĚĞlicatĞlǇ aspiratĞĚ ǁith a 
ϰ1-' ĚĞ Juan cannula aŌĞr thĞ air-ŇuiĚ ĞǆchangĞ procĞĚurĞ 
anĚ in group � thĞ classical inǀĞrtĞĚ />D tĞchniƋuĞ ǁas pĞr-
ĨormĞĚ accorĚing to thĞ rĞport bǇ DichalĞǁsŬa Ğt al (1ϴ)͘ /n 
this tĞchniƋuĞ͕ Ěuring a pĞrimacular pĞĞling͕ a ĨragmĞnt oĨ 
thĞ pĞĞlĞĚ-oī />D anchorĞĚ on thĞ holĞ ĞĚgĞs ǁas lĞŌ anĚ 
inǀĞrtĞĚͬinsĞrtĞĚ into thĞ holĞ using an />D microĨorcĞps͘ /n 
both groups͕ a mĞticulous Ğǆamination oĨ thĞ pĞriphĞrǇ ǁas 
pĞrĨormĞĚ Ěuring surgĞrǇ anĚ anǇ rĞtinal ĚĞĨĞct (holĞs or pĞ-

riphĞral rĞtinal ĚĞgĞnĞrations) ǁas trĞatĞĚ bǇ crǇothĞrapǇ or 
ĞnĚolasĞr thĞrapǇ͘ �t thĞ ĞnĚ oĨ thĞ surgĞrǇ͕  a miǆ oĨ air anĚ 
20й ^&

6
 long-acting gas ǁas inũĞctĞĚ into thĞ ĞǇĞ anĚ thĞ pa-

tiĞnts ǁĞrĞ instructĞĚ to ŬĞĞp a ĨacĞ-Ěoǁn position Ĩor ϱ ĚaǇs 
aŌĞr thĞ opĞration͘ �ĞĨorĞ anĚ aŌĞr surgĞrǇ (1 ĚaǇ͕  1 month͕ 
ϯ anĚ ϲ months)͕ all patiĞnts unĚĞrǁĞnt a complĞtĞ ocular 
Ğǀaluation incluĚing bĞst-corrĞctĞĚ ǀisual acuitǇ (��s�)͕ Ěi-
latĞĚ ĨunĚus Ğǆamination͕ color ĨunĚus photographǇ͕  inĨra-

rĞĚ rĞŇĞctancĞ͕ anĚ spĞctral-Ěomain O�d͘  dhĞ ĚaǇ aŌĞr thĞ 

opĞration͕ gĞnĞral ophthalmic Ğǆamination͕ intraocular prĞs-

surĞ mĞasurĞmĞnt͕ anĚ ĨunĚus Ğǆamination ǁithout Ěilation 
ǁĞrĞ pĞrĨormĞĚ͘

Spectral-domain OCT

dhĞ ^�-O�d scans ǁĞrĞ obtainĞĚ ǁith ,Z� (,ĞiĚĞlbĞrg 
EnginĞĞring) ǁith raĚial scan protocol aŌĞr pupil Ěilation 
ǁith 1й tropicamiĚĞ͘ dhĞ scan ǁith thĞ minimum D, Ěiam-

ĞtĞr ǁas consiĚĞrĞĚ Ĩor thĞ holĞ staging͘

Statistical analysis

dhĞ ^hapiro-WilŬ tĞst ǁas pĞrĨormĞĚ to ǀĞriĨǇ thĞ nor-
malitǇ oĨ Ěistributions oĨ thĞ stuĚǇ ǀariablĞs͘ �Ğst-corrĞctĞĚ 
ǀisual acuitǇ anĚ minimum D, ĚiamĞtĞr ǁĞrĞ not normallǇ 
ĚistributĞĚ͕ thus nonparamĞtric Dann-WhitnĞǇ h tĞst ǁas 
usĞĚ to comparĞ thĞ groups͘ t dĞst ǁas carriĞĚ out to com-

parĞ thĞ agĞ oĨ thĞ groups͘ �atĞgorical ǀariablĞs ǁĞrĞ stuĚ-

iĞĚ using thĞ &ishĞr Ğǆact tĞst or chi-sƋuarĞ tĞst ǁith zatĞs 
corrĞction (ĚĞpĞnĚing on thĞ ĨrĞƋuĞnciĞs)͘ dhĞ corrĞlation 
bĞtǁĞĞn postopĞratiǀĞ ��s� anĚ thĞ othĞr ǀariablĞs ǁas Ğs-

timatĞĚ ǁith thĞ PĞarson coĞĸciĞnt or Dann-WhitnĞǇ tĞst͘ 
DultiǀariatĞ rĞgrĞssion ǁas not pĞrĨormĞĚ bĞcausĞ onlǇ thĞ 
surgical tĞchniƋuĞ turnĞĚ out to bĞ statisticallǇ signiĮcant͘ 
dhĞ analǇsis ǁas unĚĞrtaŬĞn using ^P^^ ǀĞrsion 17͘0͘1͘

Results

dhĞ stuĚǇ incluĚĞĚ ϰ0 patiĞnts (ϰ0 ĞǇĞs) anĚ basĞlinĞ 
charactĞristics arĞ summariǌĞĚ in dablĞ /͘ �ll patiĞnts ǁĞrĞ 
ĞǆaminĞĚ at basĞlinĞ anĚ at 1͕ ϯ͕ anĚ ϲ months aŌĞr sur-
gĞrǇ͘ dhĞ prĞopĞratiǀĞ charactĞristics oĨ thĞ D,s anĚ thĞir 
ĚimĞnsions ǁĞrĞ ĞǀaluatĞĚ but no statistical ĚiīĞrĞncĞ ǁas 
notĞĚ (p с 0͘7ϱ) (dab͘ /)͘ �ĞĨorĞ thĞ surgical procĞĚurĞ ͕thĞ 
aǀĞragĞ ��s� (ц^�) ǁas similar in thĞ 2 groups oĨ patiĞnts  
(p с 0͘ϴϱ)͘ Eo intraopĞratiǀĞ or postopĞratiǀĞ complications 
ǁĞrĞ rĞportĞĚ; onlǇ milĚ hǇpĞrĞmia anĚ somĞ sǁĞlling oĨ thĞ 
conũunctiǀa ǁas obsĞrǀĞĚ in thĞ Įrst ǁĞĞŬ aŌĞr surgĞrǇ͘ /n 
all patiĞnts oĨ group � (100й)͕ &dD,s closĞĚ aŌĞr thĞ Įrst 
surgĞrǇ͕  oĨ ǁhich 1ϲ patiĞnts (ϴ0й) shoǁĞĚ improǀĞmĞnt oĨ 
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TABLE II - �ĞĨĞcts oĨ rĞtinal laǇĞrs Ěuring consĞcutiǀĞ Ĩolloǁ-up ǀisits

1 Month, % 3 Months, % 6 Months, %

Group A Group B Group A Group B Group A Group B

Ellipsoid zone defects 100 100 50 75 35 65
External limiting membrane defects 95 100 35 50 15 45

Fig. 1 - ^Ğrial optical cohĞrĞncĞ to-

mographǇ (O�d) imagĞs oĨ an ĞǇĞ 
ǁith Ĩull-thicŬnĞss macular holĞ 
(group �)͘ (A) PrĞopĞratiǀĞ scan 
ĚĞmonstrating a stagĞ ϰ Ĩull-thicŬ-

nĞss macular holĞ͘ (B) One month 

aŌĞr surgĞrǇ͕ complĞtĞ macular holĞ 
closurĞ is achiĞǀĞĚ anĚ an ĞllipsoiĚ 
ǌonĞ anĚ ĞǆtĞrnal limiting mĞm-

branĞ altĞration is prĞsĞnt in thĞ 
ĨoǀĞal rĞgion͘ (C) dhrĞĞ months aŌĞr 
surgĞrǇ͕ thĞ outĞr rĞtinal laǇĞrs rĞs-

toration procĞss is taŬing placĞ͘ (D) 

^iǆ months aŌĞr surgĞrǇ͕ thĞ Ğllip-

soiĚ ǌonĞ rĞpopulation is complĞtĞĚ 
anĚ ĞǆtĞrnal limiting mĞmbranĞ is 
rĞstorĞĚ͕ rĞsulting in improǀĞĚ bĞst-
corrĞctĞĚ ǀisual acuitǇ͘

��s� anĚ thĞ othĞr ϰ (20й) shoǁĞĚ stabiliǌation͘ dhĞ mĞan 
��s� at basĞlinĞ ǁas 1͘ϯ ц 1͘7 logD�Z anĚ at ϲ months 
Ĩolloǁ-up ǁas 0͘2 ц 0͘ϲ logD�Z͘ /n group � (100й)͕ &dD,s 
closĞĚ aŌĞr thĞ Įrst surgĞrǇ anĚ 12 patiĞnts (ϲ0й) improǀĞĚ 
thĞir ��s�͕ ǁhilĞ ϲ (ϯ0й) rĞmainĞĚ stablĞ anĚ 2 (10й) ǁors-

ĞnĞĚ͘ /n this group͕ thĞ mĞan ��s� at basĞlinĞ ǁas 1͘2 ц 1͘ϰ 
logD�Z anĚ at thĞ ĞnĚ oĨ thĞ Ĩolloǁ-up ǁas 0͘ϰ ц 0͘ϲ log-

D�Z͘ PostopĞratiǀĞ ��s� Ĩor group � ǁas signiĮcantlǇ bĞƩĞr 
than in group � (p с 0͘022)͘ EllipsoiĚ ǌonĞ (E�) anĚ ĞǆtĞrnal 
limiting mĞmbranĞ (E>D) intĞgritǇ ǁas ĞǀaluatĞĚ bǇ 2 rĞtina 
spĞcialists masŬĞĚ to surgical tĞchniƋuĞ at Ğach Ĩolloǁ-up 
ǀisit bǇ ^�-O�d scans anĚ ĚĞĨĞcts such as intĞrruptions or Ěis-

ruptions ǁĞrĞ notĞĚ in nĞarlǇ 100й oĨ casĞs at thĞ 1-month 
postopĞratiǀĞ ǀisit (dab͘ //)͘ �Ǉ ϲ months aŌĞr surgĞrǇ͕  E�  
ĚĞĨĞcts ĚĞcrĞasĞĚ to ϯϱй in group � anĚ ϲϱй in group �  
(p с 0͘01)͕ ǁhĞrĞas E>D ĚĞĨĞcts ĚĞcrĞasĞĚ to 1ϱй anĚ ϰϱй͕ 
rĞspĞctiǀĞlǇ͕  in groups � anĚ � (p с 0͘01)͕ as ĚocumĞntĞĚ bǇ 
^�-O�d (&igs͘ 1 anĚ 2)͘

Discussion

Dacular holĞ surgĞrǇ rĞprĞsĞnts an important challĞngĞ 
Ĩor ǀitrĞorĞtinal surgĞons anĚ ǀitrĞctomǇ is still thĞ golĚ stan-

ĚarĚ sincĞ its Įrst ĚĞscription bǇ <ĞllǇ anĚ WĞnĚĞl (ϲ) in 1ϵϵ1͘ 
/n rĞcĞnt ǇĞars͕ nĞǁ surgical approachĞs haǀĞ bĞĞn ĚĞscribĞĚ 

anĚ most authors noǁaĚaǇs achiĞǀĞ a closurĞ succĞss ratĞ 
хϵ0й (22-2ϰ)͘ dhĞ postopĞratiǀĞ closurĞ oĨ iĚiopathic D,s 
is rĞlatĞĚ to D, ĚiamĞtĞr mĞasurĞĚ prĞopĞratiǀĞlǇ bǇ O�d 
(2ϱ) anĚ in D,s ĞǆcĞĞĚing ϱ00 ʅm rĞopĞrations arĞ nĞĞĚĞĚ 
in some cases (26).

�ĞspitĞ surgical succĞss͕ patiĞnts can haǀĞ limitĞĚ ǀisual 
acuitǇ ĚuĞ to incomplĞtĞ rĞstoration oĨ rĞtinal anatomǇ͘ �ŌĞr 
thĞ introĚuction oĨ thĞ inǀĞrtĞĚ Ňap tĞchniƋuĞ Ĩor D, clo-

surĞ͕ thĞ numbĞr oĨ casĞs ǁith Ňat D, margins ǁith barĞ 
rĞtinal pigmĞnt ĞpithĞlium (ZPE) sĞĞms to bĞ ĚrasticallǇ rĞ-

ĚucĞĚ (1ϴ)͘ /n group �͕ aŌĞr corĞ anĚ pĞriphĞral ǀitrĞctomǇ 
anĚ pĞrimacular />D pĞĞling͕ thĞ subrĞtinal rĞmnant macu-

lar ŇuiĚ ǁas ĚĞlicatĞlǇ aspiratĞĚ ǁith a ϰ1-' ĚĞ Juan can-

nula͕ a ǀĞrǇ thin nĞĞĚlĞ͕ to obtain a ǀacuum shrinŬing oĨ thĞ 
D, cĞntĞr anĚ to minimallǇ rĞĚucĞ thĞ iatrogĞnic ĚamagĞ 
at thĞ ZPE laǇĞr͘  �lthough D, ĞnĚoĚrainagĞ has bĞĞn usĞĚ 
bǇ sĞǀĞral authors (27-ϯ1)͕ it is not uniǀĞrsallǇ practicĞĚ bĞ-

causĞ anatomic anĚ Ĩunctional outcomĞs arĞ uncĞrtain͘ dhĞ 
subrĞtinal ŇuiĚ contains cĞllular ĞlĞmĞnts incluĚing cĞll boĚ-

iĞs oĨ photorĞcĞptor ĞlĞmĞnts͕ ZPE cĞlls͕ lǇmphocǇtĞs͕ anĚ 
macrophagĞs (ϯ1); ^himaĚa Ğt al (ϯ0) ĚĞĮnĞĚ thĞ ŇuiĚ insiĚĞ 
thĞ D, as a sticŬǇ liƋuiĚ ǁith high ǀiscositǇ͘ /n group �͕ thĞ 
part oĨ />D initiallǇ aĚhĞrĞnt to thĞ rĞtina ǁas͕ aŌĞr bĞing 
inǀĞrtĞĚ͕ oriĞntĞĚ to thĞ ǀitrĞous caǀitǇ͕  ǁhĞrĞas thĞ othĞr 
part͕ primarilǇ ĨacĞĚ toǁarĚ ǀitrĞous caǀitǇ͕  is maĚĞ touching 
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Fig. 2 - ^Ğrial optical cohĞrĞncĞ to-

mographǇ (O�d) imagĞs oĨ an ĞǇĞ 
ǁith Ĩull-thicŬnĞss macular holĞ 
(group �)͘ (A) PrĞopĞratiǀĞ scan 
ĚĞmonstrating a stagĞ ϰ Ĩull-thicŬ-

nĞss macular holĞ͘ (B) One month 

aŌĞr surgĞrǇ͕ macular holĞ is closĞĚ 
anĚ a Ěisruption oĨ ĞǆtĞrnal rĞtinal 
laǇĞrs is ǀisiblĞ͘ (C) dhrĞĞ months 
aŌĞr surgĞrǇ͕ macular rĞtinal pro-

ĮlĞ is morĞ rĞgular͕  but thĞ ĞllipsoiĚ 
ǌonĞ anĚ ĞǆtĞrnal limiting mĞm-

branĞ arĞ intĞrruptĞĚ in thĞ ĨoǀĞal 
area. (D) ^iǆ months aŌĞr surgĞrǇ͕ a 
subĨoǀĞal ĞpithĞlium pigmĞnt accu-

mulation anĚ somĞ hǇpĞrrĞŇĞctiǀĞ 
intrarĞtinal points arĞ prĞsĞnt͕ ǁith 
no signs oĨ ĞllipsoiĚ ǌonĞ rĞstora-

tion procĞss͕ matching ǁith poor 
ǀisual acuitǇ rĞcoǀĞrǇ͘

thĞ ZPE͘ dhĞ />D can act as a scaīolĚ Ĩor glial cĞlls proliĨĞra-

tion promoting holĞ closurĞ͕ although somĞtimĞs Įbrosis can 
occur͕  Ěisrupting this procĞss͘ /n our stuĚǇ͕  thĞ closurĞ ratĞ 
ǁas 100й in both groups anĚ no rĞopĞration ǁas nĞcĞssarǇ͕  
although ��s� outcomĞs sĞĞmĞĚ to bĞ bĞƩĞr in thĞ sub-

rĞtinal aspiration group͘ &unctional outcomĞs maǇ ĚĞpĞnĚ 
on thĞ rĞstoration oĨ outĞr rĞtinal laǇĞrs aŌĞr thĞ opĞration͕ 
ǁhich gĞnĞrallǇ incrĞasĞ oǀĞr timĞ͘ �nalǇǌing O�d imagĞs͕ 
group � shoǁĞĚ a bĞƩĞr rĞpopulation oĨ thĞ E� anĚ oĨ thĞ 
E>D͕ ǁhich sĞĞms to bĞ corrĞlatĞĚ ǁith bĞƩĞr ǀisual acuitǇ 
outcomĞs (&ig͘ 1)͘ /t can bĞ spĞculatĞĚ that thĞ prĞsĞncĞ oĨ 
thĞ sticŬǇ subrĞtinal ŇuiĚ insiĚĞ thĞ holĞ coulĚ plaǇ a rolĞ in 
thĞ ĚĞlaǇ oĨ thĞ outĞr rĞtina laǇĞrs rĞstoring procĞss͘ /nĚĞĞĚ͕ 
ĞǀĞn iĨ ǁith thĞ stanĚarĚ ǀitrĞctomǇ ǁith />D pĞĞling anĚ gas 
tamponaĚĞ thĞ subrĞtinal ŇuiĚ is usuallǇ rĞabsorbĞĚ bǇ itsĞlĨ 
ǁithin a ĨĞǁ ĚaǇs aŌĞr surgĞrǇ oǁing to thĞ ZPE pump actiǀ-

itǇ (ϯ2)͕ thĞ actiǀĞ aspiration ǁith a ĚĞ Juan cannula at thĞ 
ĞnĚ oĨ surgĞrǇ causĞs a ǀacuum shrinŬing oĨ thĞ D, margins͕ 
hĞlping thĞ ĨoǀĞa rĞgain normal contour ĞarliĞr͘  dhĞ rolĞ oĨ 
D, surgĞrǇ is to rĞmoǀĞ thĞ causĞs that lĞĚ to thĞ gap Ĩor-
mation anĚ ǀitrĞctomǇ ǁith />D pĞĞling sĞĞms to bĞ ablĞ to 
rĞmoǀĞ thĞ tangĞntial ĨorcĞs in orĚĞr to improǀĞ thĞ closurĞ 
ratĞ succĞss͘ /n this stuĚǇ͕  thĞ ǀitrĞctomǇ tĞchniƋuĞ ǁith ŇuiĚ 
aspiration ǁith a thin cannula Ĩrom thĞ boƩom oĨ thĞ holĞ 
inĚucĞĚ an intraopĞratiǀĞ ŇaƩĞning oĨ thĞ D, ĞĚgĞs͘ dhis 
procĞĚurĞ sĞĞms to causĞ lĞss Įbrotic changĞs in thĞ hĞaling 
procĞss oĨ thĞ holĞ basĞĚ on O�d scan͕ ǁhilĞ thĞ inǀĞrtĞĚ 
Ňap tĞchniƋuĞ group shoǁĞĚ morĞ hǇpĞrrĞŇĞctiǀĞ matĞrial 
at thĞ lĞǀĞl oĨ E� (&ig͘ 2)͕ anĚ thĞsĞ rĞsults matchĞĚ ��s� 
outcomĞs͘ &urthĞrmorĞ͕ somĞ authors haǀĞ also rĞportĞĚ an 
ĞǆtĞnsion oĨ thĞ ZPE atrophǇ ǁhĞn thĞ inǀĞrtĞĚ Ňap tĞch-

niƋuĞ is pĞrĨormĞĚ͕ possiblǇ sĞconĚarǇ to ĮbrogĞnic stimula-

tion oĨ glial cĞlls (ϯϯ)͘ OnĞ limitation oĨ this stuĚǇ is thĞ small 
numbĞr oĨ patiĞnts͕ although our Ěata shoǁ signiĮcant ĚiīĞr-

ĞncĞs bĞtǁĞĞn thĞ 2 groups͕ ǁhich can bĞ ĨurthĞr ĞǆplorĞĚ 
in largĞr stuĚiĞs; morĞoǀĞr͕  thĞ 2 tĞchniƋuĞs coulĚ also bĞ 
combinĞĚ in thĞ trĞatmĞnt oĨ largĞr D,s͘

Disclosures
&inancial support: Eo Įnancial support ǁas rĞcĞiǀĞĚ Ĩor this  
submission͘
�onŇict oĨ intĞrĞst: EonĞ oĨ thĞ authors has conŇict oĨ intĞrĞst ǁith 
this submission͘

References
1͘ �abĞrg dD͕ �lair �J͕ 'ass J�͘ Dacular holĞs͘ �m J Ophthalmol͘ 

1ϵ70;ϲϵ(ϰ):ϱϱϱ-ϱϲ2͘
2͘ Dorgan �D͕ ^chatǌ ,͘ /Ěiopathic macular holĞs͘ �m J Ophthal-

mol͘ 1ϵϴϱ;ϵϵ(ϰ):ϰϯ7-ϰϰϰ͘
ϯ͘ >Ğǁis D>͕ �ohĞn ^D͕ ^miĚĚǇ WE͕ 'ass J�͘ �ilatĞralitǇ oĨ iĚ-

iopathic macular holĞs͘ 'raĞĨĞs �rch �lin Eǆp Ophthalmol͘ 
1ϵϵϲ;2ϯϰ(ϰ):2ϰ1-2ϰϱ͘

ϰ͘ <ang ,<͕ �hang ��͕ �Ğaumont PE͘ dhĞ macular holĞ: rĞport 
oĨ an �ustralian surgical sĞriĞs anĚ mĞta-analǇsis oĨ thĞ litĞra-

turĞ͘ �lin Eǆp Ophthalmol͘ 2000;2ϴ(ϰ):2ϵϴ-ϯ0ϴ͘
ϱ͘ la �our D͕ &riis J͘ Dacular holĞs: classiĮcation͕ ĞpiĚĞmiol-

ogǇ͕  natural historǇ anĚ trĞatmĞnt͘ �cta Ophthalmol ^canĚ͘ 
2002;ϴ0(ϲ):ϱ7ϵ-ϱϴ7͘

ϲ͘ <ĞllǇ EE͕ WĞnĚĞl Zd͘  sitrĞous surgĞrǇ Ĩor iĚiopathic macular 
holĞs͘ ZĞsults oĨ a pilot stuĚǇ͘ �rch Ophthalmol͘ 1ϵϵ1;10ϵ(ϱ): 
ϲϱϰ-ϲϱϵ͘

7͘ �uŬĞr J^͕ <aisĞr P<͕ �inĚĞr ^͕ Ğt al͘ dhĞ /ntĞrnational sitrĞo-

macular draction ^tuĚǇ 'roup classiĮcation oĨ ǀitrĞomacu-

lar aĚhĞsion͕ traction͕ anĚ macular holĞ͘ OphthalmologǇ͘ 
201ϯ;120(12):2ϲ11-2ϲ1ϵ͘ PublishĞĚ onlinĞ ^ĞptĞmbĞr 17͕ 
201ϯ͘

ϴ͘ 'ass J�͘ /Ěiopathic sĞnilĞ macular holĞ͘ /ts ĞarlǇ stagĞs anĚ 
pathogĞnĞsis͘ �rch Ophthalmol͘ 1ϵϴϴ;10ϲ(ϱ):ϲ2ϵ-ϲϯϵ͘



Iovino et al  ϱ

© 2017 Wichtig Publishing  

ϵ͘ 'ass J�͘ ZĞappraisal oĨ biomicroscopic classiĮcation oĨ stagĞs 
oĨ ĚĞǀĞlopmĞnt oĨ a macular holĞ͘ �m J Ophthalmol͘ 1ϵϵϱ; 
11ϵ(ϲ):7ϱ2-7ϱϵ͘

10͘ WaŬĞlǇ >͕ Zahman Z͕ ^tĞphĞnson J͘ � comparison oĨ sĞǀĞral 
mĞthoĚs oĨ macular holĞ mĞasurĞmĞnt using optical cohĞr-
ĞncĞ tomographǇ͕  anĚ thĞir ǀaluĞ in prĞĚicting anatomical anĚ 
ǀisual outcomĞs͘ �r J Ophthalmol͘ 2012;ϵϲ(7):100ϯ-1007͘

11͘ <usuhara ^͕ dĞraoŬa EscaŹo D&͕  &uũii ^͕ Ğt al͘ PrĞĚiction oĨ 
postopĞratiǀĞ ǀisual outcomĞ basĞĚ on holĞ conĮguration bǇ 
optical cohĞrĞncĞ tomographǇ in ĞǇĞs ǁith iĚiopathic macular 
holĞs͘ �m J Ophthalmol͘ 200ϰ;1ϯϴ(ϱ):70ϵ-71ϲ͘

12͘ hllrich ^͕ ,aritoglou �͕ 'ass �͕ ^chaumbĞrgĞr D͕ hlbig DW͕ 
<ampiŬ �͘ Dacular holĞ siǌĞ as a prognostic Ĩactor in macular 
holĞ surgĞrǇ͘ �r J Ophthalmol͘ 2002;ϴϲ(ϰ):ϯϵ0-ϯϵϯ͘

1ϯ͘ Zuiǌ-DorĞno JD͕ ^taicu �͕ PiŹĞro �P͕  DontĞro J͕ >ugo &͕  �mat 
P͘  Optical cohĞrĞncĞ tomographǇ prĞĚictiǀĞ Ĩactors Ĩor macular 
holĞ surgĞrǇ outcomĞ͘ �r J Ophthalmol͘ 200ϴ;ϵ2(ϱ):ϲϰ0-ϲϰϰ͘

1ϰ͘ �hhablani J͕ <hoĚani D͕ ,ussĞin �͕ Ğt al͘ ZolĞ oĨ macu-

lar holĞ anglĞ in macular holĞ closurĞ͘ �r J Ophthalmol͘ 
201ϱ;ϵϵ(12):1ϲϯϰ-1ϲϯϴ͘

1ϱ͘ ^altĞr ��͕ &olgar &�͕ WĞissbrot J͕ WalĚ <J͘ Dacular holĞ surgĞrǇ 
prognostic succĞss ratĞs basĞĚ on macular holĞ siǌĞ͘ Ophthal-
mic ^urg >asĞrs /maging͘ 2012;ϰϯ(ϯ):1ϴϰ-1ϴϵ͘

1ϲ͘ �lpatoǀ ^͕ ^hchuŬo �͕ DalǇshĞǀ s͘  � nĞǁ mĞthoĚ oĨ trĞating 
macular holĞs͘ Eur J Ophthalmol͘ 2007;17(2):2ϰϲ-2ϱ2͘

17͘ �ouǀillion ^^͕ ^miĚĚǇ WE͕ &lǇnn ,W Jr͕  EiĨrig �W͕ 'rĞgori '͘ 
OutcomĞs oĨ surgĞrǇ Ĩor iĚiopathic macular holĞ: a casĞ-con-

trol stuĚǇ comparing siliconĞ oil ǁith gas tamponaĚĞ͘ Ophthal-
mic ^urg >asĞrs /maging͘ 200ϱ;ϯϲ(ϱ):ϯϲϱ-ϯ71͘

1ϴ͘ DichalĞǁsŬa �͕ DichalĞǁsŬi J͕ �ĚĞlman Z�͕ EaǁrocŬi J͘ /nǀĞrt-
ĞĚ intĞrnal limiting mĞmbranĞ Ňap tĞchniƋuĞ Ĩor largĞ macular 
holĞs͘ OphthalmologǇ͘ 2010;117(10):201ϴ-202ϱ͘

1ϵ͘ /mai D͕ /iũima ,͕ 'otoh d͕  dsuŬahara ^͘ Optical cohĞrĞncĞ to-

mographǇ oĨ succĞssĨullǇ rĞpairĞĚ iĚiopathic macular holĞs͘ 
�m J Ophthalmol͘ 1ϵϵϵ;12ϴ(ϱ):ϲ21-ϲ27͘

20͘ <ang ̂ W͕ �hn <͕ ,am �/͘ dǇpĞs oĨ macular holĞ closurĞ anĚ thĞir 
clinical implications͘ �r J Ophthalmol͘ 200ϯ;ϴ7(ϴ):101ϱ-101ϵ͘

21͘ DichalĞǁsŬa �͕ DichalĞǁsŬi J͕ �isiĞcŬi ^͕ �ĚĞlman Z͕ EaǁrocŬi 
J͘ �orrĞlation bĞtǁĞĞn ĨoǀĞal structurĞ anĚ ǀisual outcomĞ  
Ĩolloǁing macular holĞ surgĞrǇ: a spĞctral optical cohĞrĞncĞ to-

mographǇ stuĚǇ͘  'raĞĨĞs �rch �lin Eǆp Ophthalmol͘ 200ϴ;2ϰϲ(ϲ): 
ϴ2ϯ-ϴϯ0͘

22͘ �nĚo &͕  ^asano <͕ Ohba E͕ ,irosĞ ,͕ zasui O͘ �natomic anĚ ǀi-
sual outcomĞs aŌĞr inĚocǇaninĞ grĞĞn-assistĞĚ pĞĞling oĨ thĞ 

rĞtinal intĞrnal limiting mĞmbranĞ in iĚiopathic macular holĞ 
surgĞrǇ͘ �m J Ophthalmol͘ 200ϰ;1ϯ7(ϰ):ϲ0ϵ-ϲ1ϰ͘

2ϯ͘ �ĞutĞl J͕ �ahmĞn '͕ �iĞglĞr �͕ ,oĞrauĨ ,͘ /ntĞrnal limiting 
mĞmbranĞ pĞĞling ǁith inĚocǇaninĞ grĞĞn or trǇpan bluĞ in 
macular holĞ surgĞrǇ: a ranĚomiǌĞĚ trial͘ �rch Ophthalmol͘ 
2007;12ϱ(ϯ):ϯ2ϲ-ϯϯ2͘

2ϰ͘ <rishnan Z͕ dossounis �͕ &ung zang z͘  20-gaugĞ anĚ 2ϯ-gaugĞ 
phacoǀitrĞctomǇ Ĩor iĚiopathic macular holĞs: compari-
son oĨ complications anĚ long-tĞrm outcomĞs͘ EǇĞ (>onĚ)͘ 
201ϯ;27(1):72-77͘

2ϱ͘ /p D^͕ �aŬĞr �J͕ �uŬĞr J^͕ Ğt al͘ �natomical outcomĞs oĨ  
surgĞrǇ Ĩor iĚiopathic macular holĞ as ĚĞtĞrminĞĚ bǇ opti-

cal cohĞrĞncĞ tomographǇ͘ �rch Ophthalmol͘ 2002;120(1): 
2ϵ-ϯϱ͘

2ϲ͘ DichalĞǁsŬa �͕ DichalĞǁsŬi J͕ EaǁrocŬi J͘ �iagnosis anĚ Ğǀal-
uation oĨ macular holĞ ǁith thĞ ,Zd 2 rĞtina moĚulĞ͘ Oph-

thalmologĞ͘ 2007;10ϰ(10):ϴϴ1-ϴϴϴ͘
27͘ WĞlls J�͕ 'rĞgor �J͘ ^urgical trĞatmĞnt oĨ Ĩull-thicŬnĞss 

macular holĞs using autologous sĞrum͘ EǇĞ (>onĚ)͘ 1ϵϵϲ;10 

(Pt ϱ):ϱϵϯ-ϱϵϵ͘
2ϴ͘ san �Ğ DoĞrĞ �͕ ^talmans P͘  �natomical anĚ ǀisual outcomĞ 

oĨ macular holĞ surgĞrǇ ǁith inĨracǇaninĞ grĞĞn-assistĞĚ 
pĞĞling oĨ thĞ intĞrnal limiting mĞmbranĞ͕ ĞnĚoĚrain-

agĞ͕ anĚ siliconĞ oil tamponaĚĞ͘ �m J Ophthalmol͘ 200ϯ; 
1ϯϲ(ϱ):ϴ7ϵ-ϴϴ7͘

2ϵ͘ ^churmans �͕ san �alstĞr J͕ ^talmans P͘  Dacular holĞ sur-
gĞrǇ ǁith innĞr limiting mĞmbranĞ pĞĞling͕ ĞnĚoĚrainagĞ͕ 
anĚ hĞaǀǇ siliconĞ oil tamponaĚĞ͘ �m J Ophthalmol͘ 200ϵ; 
1ϰ7(ϯ):ϰϵϱ-ϱ00͘

ϯ0͘ ^himaĚa ,͕ ,aƩori d͕  EaŬashiǌuŬa ,͕ Dori Z͕ Diǌutani z͕   
zuǌaǁa D͘ ,ighlǇ ǀiscous ŇuiĚ in macular holĞs͘ /nt Ophthal-
mol͘ 2010;ϯ0(ϯ):ϯ1ϵ-ϯ21͘

ϯ1͘ ,ĞrbĞrt EE͕ ^hĞth ,'͕ WicŬrĞmasinghĞ ^͕ >uthĞrt PJ͕  

�ainbriĚgĞ J͕ 'rĞgor �J͘ EaturĞ oĨ subrĞtinal ŇuiĚ in patiĞnts 
unĚĞrgoing ǀitrĞctomǇ Ĩor macular holĞ: a cǇtopathological 
anĚ optical cohĞrĞncĞ tomographǇ stuĚǇ͘ �lin Eǆp Ophthalmol͘ 
200ϴ;ϯϲ(ϵ):ϴ12-ϴ1ϲ͘

ϯ2͘ 'ĞntilĞ Z�͕ >anĚa '͕ Pons DE͕ ElioƩ �͕ ZosĞn Z�͘ Dacular holĞ 
Ĩormation͕ progrĞssion͕ anĚ surgical rĞpair: casĞ sĞriĞs oĨ sĞrial 
optical cohĞrĞncĞ tomographǇ anĚ timĞ lapsĞ morphing ǀiĚĞo 
stuĚǇ͘ �D� Ophthalmol͘ 2010;10:2ϰ͘

ϯϯ͘ /mai ,͕ �ǌumi �͘ dhĞ Eǆpansion oĨ ZPE �trophǇ aŌĞr thĞ /n-

ǀĞrtĞĚ />D &lap dĞchniƋuĞ Ĩor a �hronic >argĞ Dacular ,olĞ͘ 
�asĞ ZĞp Ophthalmol͘ 201ϰ;ϱ(1):ϴϯ-ϴϲ͘


