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The Extent of Silicone Oil Emulsification Revealed by Ultra-wide-field Fundus
Photography and Optical Coherence Tomography

N

= 1,2 12 = o =12 =12 1, 12
g27 Y2 g8 Zuis' - Nge'

—-O =

- X

lon
Ho

Rim Kyung Hong, MD"?, Du Roo Kim, MD"?, Eun Hee Hong, MD, PhD'?, Min Ho Kang, MD, PhD"?,
Yong Un Shin, MD, PhD"?*, Heeyoon Cho, MD, PhD"*

SISt olntthst oratstu A’ SrYthSt TEWY or

i

Department of Ophthalmology, Hanyang University College of Medicine', Seoul, Korea
Department of Ophthalmology, Hanyang University Guri Hospimlz, Guri, Korea

Purpose: We assessed the extent of silicone oil (SO) emulsification using ultra-wide-field fundus photography (wFP) and the re-
flective ratios of swept-source optical coherence tomography (SS-OCT).

Methods: We retrospectively enrolled 51 eyes of 51 patients who underwent intravitreal SO tamponade with vitrectomy. Two
weeks after SO tamponade and immediately before SO removal, ultra-wide-field fundus photography and SS-OCT were
performed. Based on the numbers of emulsified droplets in the ultra-wide-field fundus photographs, SO emulsification was qual-
itatively graded from 0 to 4. Reflective ratios were calculated by dividing the OCT reflectivity of the optic cup by the OCT re-
flectivity of SO near the retinal surface. We analyzed the changes in the SO emulsification grade and the reflective ratio over time
(RR2/RR1).

Results: The SO emulsification grade revealed by ultra-wide-field fundus photography was 2.12 + 1.29, and the mean SS-OCT
RR2/RR1 value was 1.14 + 0.22. A longer duration of SO tamponade was associated with a higher emulsification grade on ul-
tra-wide-field fundus photography and an increase in the RR2/RR1 value (both p < 0.01). We found a significant correlation be-
tween the SO emulsification grade on ultra-wide-field fundus photography and the SS-OCT RR2/RR1 (p = 0.028).
Conclusions: Ultra-wide-field fundus photography and SS-OCT can be used to determine objectively the extent of SO emulsifi-
cation; this may indicate the appropriate SO removal time any complication.
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Table 1. Grade of SO emulsification with wide-field fundus photography

Grade Emulsification finding on ultra-wide-field fundus photography
0 No SO droplet seen in ultra-wide-field fundus photography

1 SO droplets (+) <50

2 SO droplets (+) >50 and in 1 quadrant

3 SO droplets (+) over 1 quadrant and in 2 quadrants

4 SO droplets (+) over 2 quadrants

SO = silicone oil.
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Figure 1. Grades of silicone oil (SO) emulsification with ul-
tra-wide fundus photography. According to the dispersion of
droplets, emulsification was qualitatively graded from 0 to 4.
Grade 1 to 4 are shown above and grade 0 is defined when no
SO droplet was seen. (A) Grade 1 (SO droplets under 50), (B)
grade 2 (SO droplets over 50 and in 1 quadrant), (C) grade 3
(SO droplets from 1 to 2 quadrants, (D) grade 4 (SO droplets
over 2 quadrants).
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Figure 2. A 63-year-old man, receiving silicone oil (SO) tamponade due to vitreous hemorrhage with high-risk proliferative diabetic
retinopathy (A) 2 weeks after tamponade, silicone oil does not enter the optic cup due to its surface tension (red arrow). (B) 3 months
after tamponade, there are emulsified or inflammatory components in the optic cup (yellow arrow). This suggests that the optical co-
herence tomography (OCT) reflectivity of these regions can be increased with SO emulsification. The hyperreflective line represent-
ing silicone oil separates the silicone oil body from the optic disc recess (blue arrow in [A, B]).

216



FefAlel EAsks AEE7E Wt A
& S| RS S) M) VIS M )
sk wlwskaat SRl MHAE Wge ne
=9} 7§9k(Bruch’s membrane opening, BMO)& ﬁfﬂi L
S o) A& 7|5 FE 9 vhA = (reflectivity 2)
of tigt AAIFFFLESTTHY HRAR E(reflectivity 1)9]
vl oletsirkFig 3). ANARTLEFI} fal
o WHEAE BEE ek S A Sgh Uz
Aol WopEno] Rolk Ael/|ge 18q
Al(hyperreflective line) 0.2 3t on, AZ7|&9 1S
FAdol A AR 7R o F a4 ATE FE A9
AeE7E Y wol= itk 4 AAle BRa
Me 7102 5to, 4449 AAE A4 5o=
9% HEA(delineation)& kAT, HIXHIEFEY | WAL
= 1255 Ao ZEO 2 Image J program (National Institutes
of Health, Bethesda, MD, USA)S £3] =45t T F Ao

A z¥zF ZAo] RGB 2470 H-S E3) At et =

29 HA

£ 242 299 AT} SUSH Agslon, F 7o)
RGO R BASHT B9 HYBE S8 Ael2lE
°§m WA AR A el WA

RR2)ZH A} E715 F8P7) gls AZI(REE71E F
?4 2% )] WA= H@(RRI)M Hl& RRVRRIZkS

- Reflectivity 1

Reflectivity 2

Axkstel AelErlE 3t A=E B7ksklch
SASH 24
EATA B4 SPSS 20.0 (SPSS Inc., Chicago, IL,

ol
&

N
2
By
3

2

lation ana1y51s——
= p-value<0.052 A 9]

X

o
—

e
re
-
Mo Mo oY > 2 o O g w2

A ZAAH R AgE Y.
AL A ) ZFol
soh 4igle] UelEE A
A dejz)gel ofF gEEe
B85S 270 A7
el s Aot seto)

1o REOR Qo] 3

Figure 3. Measurement of the optical coherence tomography (OCT) reflectivity in swept-source OCT (SS-OCT) images using Image
J program. The areas of optic disc recess and silicone oil body were selected manually. The vertical boundary line (white dot line)
is defined as a line perpendicular to Bruch’s membrane’s opening (BMO; red arrow). The area of the silicone oil body and the optic
disc recess is horizontally separated by a hyperreflective line representing silicone oil (red hollow arrow). The height of the optic disc
recess is a minimum distance from the hyperreflective line to the base of optic disc recess (a), and the height of silicone oil body area
is set to the same value (b). Reflectivity 1 is the OCT reflectivity of the optic disc recess (yellow area) and reflectivity 2 is the OCT
reflectivity of silicone oil body (green area). Reflective ratio (RR) is the ratio of OCT reflectivity of fluid in the optic disc recess to
silicone oil body (Reflectivity 1/Reflectivity 2). RR2/RR1 is the ratio of reflective ratio just before silicone oil removal (RR2) to re-

flective ratio 2 weeks after silicone oil tamponade (RR1).
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Variable Value
Mean age (year) 58.50 + 15.10
Sex
Male 26 (60.47)
Female 17 (39.53)
Mean SO tamponade duration (months) 493 +£2.71
Lens
Phakia 2 (4.65)
Pseudophakia 41 (95.35)
Diseases
Rhegmatogenous retinal detachment 24 (55.81)
Vitreous hemorrhage 10 (23.26)
Tractional retinal detachment 8 (18.60)
Macular hole 1(2.33)
Values are presented as mean + standard deviation.
SO = silicone oil.
Table 3. Clinical features and SO emulsification parameter values of patients
Value
Mean IOP (mmHg)
Post-SO tamponade 17.50 + 2.62
Pre-SO removal 18.00 + 3.98
Mean BCVA (logMAR)
Post-SO tamponade 0.16 + 0.18
Pre-SO removal 0.12 £ 0.11
Mean ultra-wide-field fundus photography grade (pre-SO removal) 2.12 + 1.29
Mean RR
RR1 (Post-SO tamponade) 1.15 + 0.10
RR2 (Pre-SO removal) 1.32 + 0.21
Mean RR2/RR1 1.14 + 0.22

Values are presented as mean + standard deviation (min-max).

SO = silicone oil; IOP = intraocular pressure; BCVA = best-corrected visual acuity; logMAR = logarithm of minimal angle of resolution;

RR = reflective ratio.
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Table 4. The relationships of emulsification grade by wide-field fundus photography and other factors

Correlation coefficient p-value’

SO tamponade duration 0.59 + 1.42 <0.001

IOP change -0.26 + 2.11 0.078

RR2/RR1 0.48 +1.62 0.028

SO = silicone oil; IOP = intraocular pressure; RR = reflective ratio.

p-value was calculated based on Pearson’s correlation analysis.
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Table 5. The relationships of OCT reflectivity and other factors

Correlation coefficient p-value’
SO tamponade duration 0.79 + 1.87 <0.001
IOP change 0.02 + 1.69 0.849
Ultra-wide-field fundus photo grade 0.50 + 1.41 0.028

OCT = optical coherence tomography; SO = silicone oil; IOP = intraocular pressure.
*p-value was calculated based on Pearson’s correlation analysis.
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Figure 5. Representative case. A 17-year-old female patient Are Bl deEl2r]E w2k el tieh A RS 24t
underwent pars plana vitrectomy and silicone oil tamponade AL, o] 271A] A HE= AR 71 EAsHA o2 G935t AF
due to rhegmatogenous retinal detachment. Considering the A7} QlgiTh el tiAotol A Alube ATE Kol
risk of re-detachment due to giant retinal tear, silicone oil was - N
A Ao s7roA Y =

not removed after the surgery. However, 15 months after the 71 §“_‘Eﬂ’ o #Akef 4 AUAZ Y= grade 4
tamponade, severe emulsification occurred and silicone oil re- of st delErlE 3 dACIANE b Yk
moval was performed. (A) Anterior segment photography, =2 o] A= RR2/RR1%}0] 19 77H$ict. bidHol, ob
(B).ultra-w1de-fleld fundus photography, and (C) swept-source 7 W7hAThER o A RRYRRIZES =01} 3zkobx)
optical coherence tomography (SS-OCT) at 15 months after .

tamponade. YoM H2715 78k A= grade7} W2 49+= I3Uh

220



>
o
THI
~
i
M
ixe)

N

2

o
s flo
=)

2
o,

(1=

=2

=
Dot M of

i
4o

ja}
=

N e
o 5

3
b= oo £ oo o o 2 B

A (reflectivity 1)7} 7}
AA R e e 5
7IRko.= g A2y

oﬁnqgri—im%mrﬂéirzirloﬂ

o

il
o
rlr

9

B

L e o
O:
oo

N

d
=

ol 4
iRl 1o

24_1‘

of QAL 77l

il

i o T op of o L on

sl

718 98t A wofol 23 © Az
718 54 7%k A 2t At
ofx] AF 94 717ko] Solx

14 gyze) Fsae melsh

>
o
o

B
o

T

N
30
T
O:

N

al(
Mo

2
ox

~

=

30

Jo

z o

& oo o A rlo i

H= )
)

(]

=

=
1,
2
(o]
fu

r
]
l

e mAlst

| 7& Y= Eot-

re
o

= ulgel oiF ATA N EE ks o 2749 A
EL BASHOE SO ATUAS A 249) A
B Ae)2/E 39 JKo] Pold4E Frkst A
S Mgtk ARAOR B AT MelE/E 99t HES
AnH oz WAL YT, ol MelEslEoR Qg
ol Qo] Mol U712 AASH: HAT A
7] ARl sl =80l B 4 9 4B B Folek
REFERENCES

1) Cibis PA, Becker B, Okun E, Canaan S. The use of liquid silicone
in retinal detachment surgery. Arch Ophthalmol 1962;68:590-9.

2) Scott JD. The treatment of massive vitreous retraction by the sepa-
ration of pre-retinal membranes using liquid silicone. Mod Probl
Ophthalmol 1975;15:185-90.

3) Zivojnovi¢ R, Mertens DA, Baarsma GS. Fluid silicon in detach-
ment for surgery (author's translation). Klin Monbl Augenheilkd
1981;179:17-22.

4) Gonvers M, Andenmatten R. Temporary silicone oil tamponade
and intraocular pressure: an 11-year retrospective study. Eur J
Ophthalmol 1996;6:74-80.

5) Federman JL, Schubert HD. Complications associated with the use
of silicone oil in 150 eyes after retina-vitreous surgery. Ophthalmology
1988;95:870-6.

6) Jonas JB, Knorr HL, Rank RM, Budde WM. Intraocular pressure
and Silicone oil endotamponade. J Glaucoma 2001;10:102-8.

7) Casswell AG, Gregor ZJ. Silicone oil removal. II. Operative and
postoperative complications. Br J Ophthalmol 1987;71:898-902.

8) Kampik A, Hoing C, Heidenkummer HP. Problems and timing in
the removal of silicone oil. Retina 1992;12:S11-6.

9) Riedel KG, Gabel VP, Neubauer L, et al. Intravitreal silicone oil in-
jection: complications and treatment of 415 consecutive patients.
Graefes Arch Clin Exp Ophthalmol 1990;228:19-23.

10) Bartov E, Pennarola F, Savion N, et al. A quantitative in vitro mod-
el for silicone oil emulsification. Role of blood constituents. Retina
1992;12:S23-7.

11) Heidenkummer HP, Kampik A, Thierfelder S. Emulsification of
silicone oils with specific physico-chemical characteristics.
Graefes Arch Clin Exp Ophthalmol 1991;229:88-94.

12) Jonas JB, Budde WM, Knorr HL. Timing of retinal redetachment
after removal of intraocular silicone oil tamponade. Am J Ophthalmol
1999;128:628-31.

13) Zoric Geber M, Bencic G, Vatavuk Z, et al. Retinal nerve fibre layer
thickness measurements after successful retinal detachment repair
with silicone oil endotamponade. Br J Ophthalmol 2015;99:853-8.

14) Khandhadia S, Madhusudhana KC, Kostakou A, et al. Use of optomap
for retinal screening within an eye casualty setting. Br J Ophthalmol
2009;93:52-5.

15) Baek J, Park YH. Optical density ratio in the subretinal fluid: dif-
ferentiating chronic central serous chorioretinopathy and poly po-
dial choroidal vasculopathy. Am J Ophthalmol 2015;159:386-92.

16) Leshno A, Barak A, Loewenstein A, et al. Optical density of sub-
retinal fluid in retinal detachment. Invest Ophthalmol Vis Sci 2015;
56:5432-8.

17) Yang JY, Kim HK, Kim SH, Kim SS. Incidence and risk factors of

221



—tistota

FatE|x|

20234 64 H 35—

cystoid macular edema after vitrectomy with silicone oil tampo-
nade for retinal detachment. Korean J Ophthalmol 2018;32:204-10.
18) Yu J, Zong Y, Jiang C, et al. Silicone oil emulsification after vi-
trectomy for rhegmatogenous retinal detachment. J Ophthalmol

2020;2020:6940625.
19) Scholda C, Egger S, Lakits A, Haddad R. Silicone oil removal: results,
risks and complications. Acta Ophthalmol Scand 1997;75:695 -9.

Lo E G oy Y THSEES 0|18et HElZ2TIE
et Ex Bt
S YA IEVIE HUYHEEAES Sl H2l27I8 Rt @S BUIcks A X7 |KEHE LorE X} s
oaot W RelddEdsn 422718 $U22S MAS 51E(619HE tyez 28X HAE A H2l27I8 &Y 25
Fleb HMA A F2AMEH} DI W HEEAS AASIACH AL HEHM Retel H2l27|8 g2 22 HER
grade (0-4)5 EFsIoH, ME/IH UZHHHSEF0M ANERF=3 70 YUaH 2Xo H2|2V|§ BME=Y Hgel
BIMZE HIZ2E SO H2l27|8 7Y 23 =9 BAtUE(reflective ratio [RR] 1)3{H, M 2HQ| BIAZ=(RR2)%(Q HIE
(RR2/RR1)S =H ot
Zuh yAMEPoR BRet M227IE R o grade IS 212 + 120900, IHETHEH WIHYHEHYoR ZHsH
RR2/RR1Q| Bt 114 £ 0.22%CH H2|27|52Q RA| 7[7t0] 2O A= YAAMEIHNM M2V et grade/l 0,
o7 SHZHEHEE M RR2/RRIZI0] B716IACHe<0.001). BZAMEHNM H2l27|18 73t =9 gradeet THE7HH &
HYHBEF0IM RR2/RRIGEZ RS HPEAE HRACHp=0.028).
ZE: ZotME gy e T HEEAES 018510 H2l27|8 R =S Auxez FMstu, thyst g830| A7
Mol Mel27IES M= A7l BFol sl Y™ REHE MIstAt Bict,
(CHetotntsts| x| 2023:64(3):214—222)
=24 / Rim Kyung Hong
Srfoist olufat Otifst A
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