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8 B HE S-port FLABASE APl 2
HEAE olgste] 7420 HhelS G0 T Thelils
AL B A EEUAE olgstol 2HAHA U

o

u

o

rE
T
o O(l;.l 4

Rk

< Uk - 3709 RFA| FHE S %ﬁﬁ 0.5

olrzAtolopd 1= (Indocyanine green, Dlagnogree Injection,
Daiichi Pharmaceutical Co. Ltd., Tokyo, Japan) 0.1 ml&
F3R0] HAS| FYI 5 oF 52 s|vke] WAAUS
QAT ABFE AX|sto] QIEAololyl 17l galo] oF
ol ol Al F=s gk A5t o] 234014
FAR FEAAIE ol 8ot =799 WAAYS =
AEYA AR & WA -7 A A S AT T F
20% S-E318H(sulfur hexafluoride, SFg) ol 14% ZHE-3}
= 23 (perfluoroporpane, CsFg) 7}A £& A& 7|28
SFfiofl SAAIZ Al W 7EAE AT S & F

59 oA} ABSAGAA R FHI5te] FA7HA0] G EUE
#1417k

SiRob ozl QA B WHTEEY A 0F
iy grupstolo] s AAET AT TR S
wupa aalo] 9hAls) Satele dgsaE golshc,

A715-8 543517 98l AlEL logMAR (logarithm of
the minimum angle of resolution) units2 w¥$ks}9 a1, o+
Z4=A|(counting fingers), ¢FH<4%(hand wave motion),
47+ d2(light perception), &z} 91-2(no light percep—
tion)of tjated= 7474 1.4, —2.7, =3.7, —4.7 1ogMAR
units2 A5kt & & 0.30 oAk Al A4S Hol=
A4 7)5H fu Agom Folsidt

A2F Al Alee AT 9 & e E 1
i, SATEYIE TS 23 YHEAEYHHE 32, <
A S A, ek B Qb U ole T A2
O STOR ERR T ZF wollA vol, A, =l
AR A EAlE AR Al o), ikl BA7EA] 9] 7
Zh grdge] A7), A frE A Al AR A%
A, o)At Bty e A AF HdlagAEE A

Table 1. Causes of primary pars plana vitrectomy

7= SPSS 18.0 54 2138 AMSle] 4 AT
AlFE wilcoxon testZ H| w3}, Ale, GE|AdA%
A& TA] Lo, 3l ae] F7], & B ST AR
o] 713k, AEFHRSA], 9] Aol Kruskal-Wallis
test2 BIWBIAIL FoJ4ES 0.052 3k

2 I

2778 & FAE 127, oA} 157 o)A AR} A A A
&S AT A Holi= Bt 55.44], o3} Rk
2 57.4MI%cE A3 FeAlAAlE & SrdEe A
o] 7|7ke W3 20.474Q(42-115742)0]olon] Al
QPR AR A 21T RbdFo] A7) = Bt 0
7 (disc diopter, DD)o]it} o] 77t HoF S| dA&S
Z 2,945¢00| A AlgE] o] 0.96%9] SRt

R

o . 2,
A aoh ABBAPNAL] A3 FelABAE 4717}
242 % 70.04], 77742 B9 94 5 7]ErIel 7
o Wt 16442 ke A3 SR AASe Aolo] &
¥ g 22 0879 Yot 42 ¢ Tun

712 9 7]@% 1%01 %‘i‘ 22.17H%, Z%OI Jéih 19.67H%_
2 8|55l 5to] Bt 36.10YR 71 Aoy B4
Ao {Ogt xjol= Ho|A] AFotth(Table 3).

A EA &S Alge & Fukedgo] WS |7t
L zo] 129K(Fig. 1), gk
-

/asete] A A B

Causes

No. of cases (n = 28)

Percentage (%)

Rhegmatogenous retinal detachment
Proliferative diabetic retinopathy
Branch retinal vein occlusion

Age related macular degeneration
Trauma (eyeball rupture, IOFB)

6 22
12 43
2 7
3 11
5 18

IOFB = intraocular foreign body.
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Table 2. Estimated causes of macular hole formation after primary vitrectomy

Estimated causes No of cases (n = 28) Percentage (%)
Cystoid macular edema 12 43
Thickening of ILM and/or recurrence of ERM 7 25
Macular thinning 6 21
Jatrogenic macular damage 2 7
Recurrence of SMH 1 4
ERM = epiretinal membrane; ILM = internal limiting membrane; SMH = submacular hemorrhage.
Table 3. Clinical characteristics of primary vitrectomy groups with secondary macular hole formation

Groupl* Group2T Group3lt Group4§ GroupSH p—value#
No. of subjects 6 12 2 3 5
Age at primary PPV (years) 51.7 £ 14.5 529 £ 11.5 70.2 + 2.8 77.7 + 12.1 46.4 + 13.1 0.025
Duration between primary PPV 22.1 +36.2 19.6 + 34.1 8.5 + 10.6 20+20 36.1 + 0.0 0.530

and MH formation (months)

MH size (DD) 0.36 + 0.36 0.53 + 0.79 0.33 + 0.11 0.20 + 0.0 0.40 + 0.13 0.446
Spherical equivalent (diopter) -6.10 + 10.2 -0.76 + 1.7 -193 £ 1.5 -0.75 £ 0.9 -3.92 + 4.5 0.228
Axial length (mm) 25.90 + 2.92 22.53 £ 0.72 21.87 +0.88 22.45 + 1.69 23.50 + 1.71 0.062

Values are presented as mean + SD.

DD = disc diameter; MH = macular hole; PPV = pars plana vitrectomy.

*Rhegmatogenous retinal detachment; "Proliferative diabetic retinopathy; *Branch retinal vein occlusion; §Age— related macular degeneration;
r[Trauma; #*Kruskal-Wallis test, p < 0.05.

Table 4. Clinical characteristics by estimated causes of macular hole formation

EMR and/or Macular latrogenic Recurrence of

CME ILM thickening thinning macular damage SMH p-value
No. of subjects 12 7 6 2 1
Sex distribution (male : female) 3:9 5:2 2:4 2:0 0:1
Diabetes mellitus 8 3 2 1 0
Age at primary PPV (years) 552 £ 11.5 40.3 + 10.4 62.5 + 64 71.0 £ 11.3 89.0 £ 0.00 0.006
Duration between primary PPV and ~ 16.7 + 31.1 314 + 439 24.0 £+ 35.8 3.0+42 2.0 + 0.00 0.790

MH formation (months)

MH size (DD) 0.61 + 0.83 0.44 +0.14 0.22 + 0.05 0.17 + 0.02 0.2 + 0.00 0.072
Spherical equivalent (diopter) -1.6 £+ 2.8 32 +44 3.4 +£9.7 0.4 +0.9 -0.3 +£ 0.0 0.545
Axial length (mm) 22.8 +1.82 23.8 + 1.7 243 +£3.5 234 +£0.8 22.7 + 0.0 0.568

Values are presented as mean + SD.

CME = cystoid macular edema; DD = disc diameter; ERM = epiretinal membrane; ILM = inner limiting membrane; MG = macular hole;
PPV = pars plana vitrectomy; SMH = submacular hemorrhage.

"Kruskal-Wallis test, p < 0.05.

T
=

7F 72K(Fig. 3), felAldAls O] Ak 4QK(57%) o1 glom, Y A| Qtofj A= 2% 0.2 DD

ofx

e T 45 2

AR RkEAol 29, atsl FEd9| Aol 19tojlet olste] A7| At

(Table 2). 4% Az FeAdAE & s 2 A3 FEAdAle A, ey e 2H
A7 71782 WA FAR B gepdere] A AR EFshd FHdl=geA, ke A7), 9
o] Fut 3L4NER 7P AU ko] ghoble] weAEAle - Rk SRS 7IRE el 4
240709, FEIIE o] HF 16.774Lo| ek T4 T o, FelAdAle A% YA, FHdE s AT
PSR A fAleees AW 12 F 8¢t FH A2 SAXCE Rt Zpol7E 1AL, AR}
(67%)olA Sty T A FEJURFT 24E Kol AEAlE A Al Yole FAIFSR FofRt AlolE B
7 w2 vES AT Table 4). 424 A W7 cH(Table 3, 4). E7F A2} Fe|A|dAE 52 2fury
SEYONA 2lE D) 27171 0.2 DD ol Be= ¢ Al vlarste] o|zbAQl gHMdEre & YA
ZHRE 7RH58%), WAARe] FAYAAY gepdat o] g4ttt B9 75% .
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A Bhpo] Az & ﬂ]quﬂg A& A APe Bt AHoz 93t Alge] Aol %o (p=0.007) 0]71}
—1.49 logMAR, AJd) & A|EL H —1.08 logMARZE & SHFF % A A|FL FHo —1.49 logMAR, 45 5 A
g P —1.29 logMARE EA o2 G035t Zfo]7} ¢l
Uk p=0.176). U2} FejAdAlE AJAHR FAEA
2
=

A AT} o2} YT e AT AL v|@shd
oAUl EAH O R §0]3 xjo|S HYPT ST v
=

ZAE UolER o)X} FNAF 54 AT A

r—LJ

Jo]S Ho)z] ¢kofrH(Table 5, 6).
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27 Wzﬂé T olxpA o AR g
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Fiagure 1. Serial optical coherence tomography of macular
hole formation due to cystoid macular edema 3 months (A) and
36 months (B) after primary vitrectomy.

Table 5. Surgical outcome of primary vitrectomy and secondary macular hole surgery by primary vitrectomy groups

By ERY gige B(?VA at primary PPV ('log MAR) _ BFIVA at MH surgery ('10g MAR) _

Preoperative Postoperative p-value Preoperative Postoperative p-value
Group1’ -1.65 + 0.85 -0.85 + 0.50 0.005 -1.30 £ 0.76 -0.87 £0.95 0.087
Group2* -1.09 + 0.64 -1.08 + 0.75 0.930 -1.65 + 0.82 -1.61 + 1.34 0.860
Group3* -1.40 + 0.00 -1.05 + 0.49 0.500 -1.20 + 0.28 -1.40 + 0.00 0.500
Group4n -1.83 £ 0.75 -1.60 + 1.01 0.317 -1.40 £ 0.79 -1.57 + 1.05 0.655
Group5” -2.10 + 1.34 -1.10 + 1.14 0.104 -1.47 £ 0.79 -0.83 + 0.67 0.069
Total -1.49 + 0.87 -1.08 + 0.77 0.007 -1.49 £ 0.70 -1.29 + 1.08 0.176
p-value™" 0.814 0.738

Values are presented as mean + SD.

BCVA = best corrected visual acuity; MH = macular hole; PPV = pars plana vitrectomy.

*Wilcoxon test, p < 0.05; 'Rhegmatogenous retinal detachment; *Proliferative diabetic retinopathy; *Branch retinal vein occlusion; TAge-
related macular degeneration; #Trauma; “Kruskal-Wallis test, p < 0.05.

Table 6. Surgical outcome of primary vitrectomy and secondary macular hole surgery by the estimated causes of macular hole for-
mation

. BCVA at primary PPV (log MAR) BCVA at MH surgery (log MAR)

Primary PPV groups - - 5 - - ¥

Preoperative Postoperative p-value Preoperative Postoperative p-value
CME -1.24 + 0.76 -1.13 + 0.69 0.544 -1.64 + 0.82 -1.55 + 1.06 0.589
ERM and/or ILM thickening -1.76 + 1.26 -1.11 + 1.21 0.141 -1.54 + 0.87 -1.28 + 1.61 0.498
Macular thinning -1.70 + 0.81 -0.92 £+ 0.55 0.042 -1.21 +£ 0.29 -0.87 + 0.48 0.109
Jatrogenic macular damage -1.40 £+ 0.00 -1.40 £ 0.00 1.000 -1.40 £+ 0.00 -1.00 + 0.57 0.655
Recurrence of SMH -1.40 + 0.00 -0.70 + 0.00 - -1.40 + 0.00 -1.40 + 0.00 -
p-value' 0.845 0.417

Values are presented as mean + SD.

BCVA = best corrected visual acuity; CME = cystoid macular edema; DD = disc diameter; ERM = epiretinal membrane; ILM = inner
limiting membrane; MH = macular hole; PPV = pars plana vitrectomy; SMH = submacular hemorrhage.

*Wilcoxon test, p < 0.05; "Kruskal-Wallis test, p < 0.05.
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Figure 3. Serial optical coherence tomography of macular hole formation due to internal limiting membrane thickening and/or epi-
retinal membrane recurrence after primary vitrectomy. Macular image before (A, B) and after (C, D) macular hole formation.
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=ABSTRACT=

Macular Hole Formation after Vitrectomy: Preventable?

Rebecca Kim, MD, Yu Cheol Kim, MD, Kwang Soo Kim, MD, PhD
Department of Ophthalmology, Dongsan Medical Center, Keimyung University School of Medicine, Daegu, Korea

Purpose: To evaluate the causes of secondary macular hole after vitrectomy and the possibility of their prevention.
Methods: 27 patients (28 eyes) who experienced macular hole formation after vitrectomy were reviewed retrospectively.
Age, sex, operation methods, duration between the vitrectomy and the secondary macular hole surgery and causes of the
primary vitrectomy were recorded. Best-corrected visual acuity (BCVA) before and after primary vitrectomy; preoperative
and postoperative macular findings with optical coherence tomography and fundus examination; and BCVA before and af-
ter macular hole surgery were analyzed.

Results: Of the 2945 eyes that had undergone vitrectomy, 28 eyes (0.96%) experienced macular hole formation. As caus-
es of primary vitrectomy, 12 eyes had proliferative diabetic retinopathy, 6 eyes had rhegmatogenous retinal detachment, 2
eyes had branch retinal vein occlusion, 3 eyes had age-related macular degeneration and 5 eyes had trauma such as eye-
ball rupture or intraocular foreign body. The mean duration between primary vitrectomy and macular hole formation was
20.4 months (4 days-115 months). The estimated causes of macular hole formation included cystoid macular edema (CME)
(n =13), thinning of the macula (n = 6), thickening of internal limiting membrane or recurrence of preretinal membrane (PRM)
(n =7), recurrence of subretinal hemorrhage (n = 1) and macular damage during vitrectomy (n = 2). Final BCVA after mac-
ular hole surgery decreased in most cases compared to BCVA before macular hole formation except in 7 eyes (25%).
Conclusions: Close observation of the macula after primary vitrectomy especially in eyes with continuous CME, and re-
current PRM and proper management on them including timely removal of the tangential traction force are necessary for
preventing macular hole formation. In addition, surgeons should make efforts not to exert excessive tractional force on the
macula to avoid iatrogenic damage during removal of the preretinal membrane.
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